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ELECTRICAL  SECTION. 

President— R.  B.  Owens. 
Vice-President — M.   J.   Butler. 

A  meeting  of  the  Electrical  Section  was  held  on  Thursday, 
January  4,  Mr.  Walbank  in  the  chair.  The  discussion  of  the  even- 
ing was  on  "  Defective  Wiring." 

DISCUSSION  ON  DEFECTIVE  WIRING. 

Mr.  W.  McLea  Walbank  (M.  Can.  Soc.  C.  E.)— Defective  wiring  Mr.  waibnnk. 
is  the  subject  of  the  discussion  for  the  evening,  and  a  subject 
which  can  stand  a  great  amount  of  criticism.  All' interior  wiring 
should  be  done  according  to  the  rules  of  the  Canadian  Fire  Under- 
writers' Association,  and  these  rules  should  be  strictly  enforced  by 
an  Inspector  appointed  for  the  purpose.  It  is  just  as  necessary  to 
have  the  house  wiring  capable  of  standing  a  safe  load  of  2,500  volts 
as  it  is  to  have  the  house  plumbing  capable  of  standing  the  pressure 
of  the  reservoir. 

Prof.  L.  A.  Herdt  (A.  M.  Can.  Soc.  C.  El)  —  The  departmental  Mr  Hertir. 
records  for  the  city  of  Montreal,  for  the  year  1905,  show  that  out  of 
a  total  of  1,427  fires,  about  40,  or  about  3%,  were  due  to  electricity, 
which  is  not  a  very  bad  showing.  P\)r  New  York  State  the  percent- 
age was  3.67,  and  for  New  York  City,  1.14.  These  figures  go  a  long 
way  to  show  that  damage  to  property  from  electrical  wiring  is  not 
so  great  as  generally  supposed. 

All  electrical  wiring,  either  inside  or  outside,  should  be  as  perfect 
as  possible,  both  in  workmanship  and  material.  If  it  were  done  by 
people  who  knew  their  business,  electricity  would  be  the  safest  and 
best  of  all  illuminants,  and  the  danger  of  fire  through  electric  wiring 
would  be  very  small.  The  rules  of  the  Canadian  Fire  Underwriters' 
Association  are  very  good  so  far  as  they  go,  but  it  is  not  sufficient 
to  inspect  as  soon  as  the  work  is  completed,  since  in  the  course  of 
time  the  wiring  becomes  defective. 

iMr.  R.  iS.  Kelsch  (M.  Can.  ,Soc.  C.  E.)— ^me  years  ago  the  Mr.  iceisch. 
Lachine  Hydraulic  Company  made  an  attempt  to  better  wiring  con- 
ditions in  the  city,  and  prepared  a  form  which  was  filled  out  and 
sent  to  the  Fire  Underwriters'  Association  whenever  a  house  was 
found  to  be  badly  wired.  In  one  case  at  least  the  assurance  people 
forwarded  the  letter  to  the  house  owner,  who  in  turn  sent  a  letter 
from  his  solicitor  telling  the  Light,  Heat  and  Power  Company  that 
its  interference  was  not  desired. 
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Mr.  Keiich.  The  bad  condition  of  wiring  In  Montreal  would  not  exist  long  if 

the  existing  laws  were  enforced  by  means  of  an  inspector,  or  if  the 
Underwriters'  Association  saw  that  its  rules  were  followed.  At 
present,  when  a  flre  occurs  on  account  of  poor  wiring,  suit  is 
promptly  brought  against  the  Electric  Light  Company.  There  are 
many  very  poor  electric  wiring  companies  in  Montreal,  and  the  fact 
that  they  are  allowed  to  do  business  is  responsible  for  much  trouble 
and  a  large  proportion  of  the  fires  due  to  wiring. 

Some  years  ago  a  small  mill  owner  took  out  kerosene  oil  lamps 
and  put  In  an  electric  lighting  equipment.  The  mill  was  burned 
down,  and  the  insurance  company  refused  to  pay  the  insurance. 
The  case  was  taken  to  the  dburts,  and  the  insurance  company  got 
an  electric  wiring  concern  to  swear  that  electric  lighting  was  more 
dangerous  than  oil  lamps,  and  judgment  was  obtained  in  their 
favour,  but  on  appeal  to  the  higher  courts,  the  mill  owner  finally 
won. 

If  the  secondary  wires  entering  a  house  should  be  crossed  by  a 
primary  wire  it  would  be  quite  possible  to  have  a  pressure  of  2,000 
volts  or  more  in  the  house,  and  in  the  speaker's  opinion  the  best 
way  to  prevent  this  is  to  ground  the  neutral  point  of  the  secondary 
wires,  then  if  a  primary  wire  accidentally  crossed  a  secondary,  the 
high  potential  would  go  to  the  ground,  provided  that  the  interior 
wiring  was  perfectly  done. 
Mr.  Leonard.  Mb.  F.  H.  LiEonard,  Jr.  (M.  Can.  Soc.  C.  B.)— The  only  Inspection 
a  newly- wired  house  obtains  at  the  present  Is  from  the  electric  light 
company,  which  refuses  to  connect  up  its  lines  if  the  wiring  is  not 
properly  done.  The  speaker  recently  asked  Alderman  Sadler  when 
the  city  was  going  to  appoint  an  inspector,  and  was  informed  that 
it  was  the  business  of  the  underwriters  to  do  this,  since  they  have 
such  large  interests  at  stake. 
Mr.  Shaw.  Mr.  J.  A.  Shaw — A  by-law  exists  to  the  effect  that  an  Inspector 

shall  be  appointed,  and  that  all  wiring  shall  be  done  according  to 
the  rules  of  the  Canadian  Fire  Underwriters'  Association,  but  as 
there  are  no  funds  this  has  never  been  carried  out.  All  wiremen 
should  be  provided  with  a  book  giving  the  heating  capacities  of  the 
various  grades  of  wire.  Firemen  always  attribute  the  origin  of  a 
fire  to  electric  wires  whenever  possible,  especially  to  external  wiring, 
as  they  would  like  to  have  this  class  of  wiring  done  away  with, 
claiming  that  it  is  dangerous  to  life,  when  streams  of  water  are 
playing  on  the  wires.  Montreal  is  no  worse  than  other  cities  in 
regard  to  wiring,  and  a  great  cause  of  trouble  is  that  after  wiring 
has  been  done  people  put  extra  loads  on  the  wires  privately,  for 
instance  putting  two  or  three  extra  lamps  on  a  line  intended  for  one 
lamp,  and  even  putting  an  arc  lamp  on  a  line  intended  for  one  small 
lamp. 
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Mb.  Abthur  Pabeivt  (Superintendent  of  City  Ughting) — ^For  the  Mr.  Parent, 
last  seven  or  eight  years  appropriations  have  been  asked  for  to  form 
an  inspection   bureau,   but  the  Council   has  never  felt  inclined  to 
supply  the  necessary    funds.     The    city    seems   to    think  that  the 
expense  should  be  borne  by  the  underwriters. 

There  is  another  method    in    use   of   avoiding  the  danger  from  Mr.  Herdt. 
crossing   of  primary  and  secondfury  wires,  that   is   to   provide  the 
transformer  with  a  brass  shield  between  the  high  potential  and  low 
potential  windings. 

This  method  is  not  considered  reliable,  and  several  cases  have  Mr.  Keiach. 
come  to  the  notice  of  the  speaker  in  which  the  high  potential  came 
in  contact  with  the  low  potential  winding,  notwithstanding  the  fact 
that  the  grounded  shield  was  there.  It  is  generally  agreed  that  the 
grounding  of  the  secondary  wire  Is  the  only  way  to  protect  life  and 
proi)erty. 

Mr.  a.  Saicmett  (A.  M.  Can.  fioc.  C.  E.) — ^There  is  still  another  Mr.  sammett. 
device  which  might  be  used,  and  that  Is  the  installation  of  a  small 
transformer,  bearing   a   one    to   two   ratio,  which  will  prevent  the 
possibility  of  the  primary  voltage  getting  into  a  building. 

This  is  simply  using  two  transformers  instead  of  one,  and  about  Mr.  Keisch 
90%  of  the  transformers  are  admitted  failures.     In   Boston  it  has 
been  recommended  that  secondary  wiring  be  made  to  stand  2,000 
volts,  and  that  the  secondary  wires  of  the  transformers  be  grounded. 
There  is  no  reason  why  this  cannot  be  done  to  reliable  wiring  here. 

Mb.  R.  a.  Ross  (M.  Can.  Soc.  C.  EL) — Grounding  the  neutral  point  Mr.itoes. 
of  the  secondary  wires  is  certainly  the  best  practice.  Films,  cut- 
outs, etc.,  have  a  disagreeable  habit  of  not  working  when  required 
most  In  the  conduit  system  of  wiring,  the  wire  is  often  so  buried 
that  it  cannot,  as  a  rule,  be  withdrawn.  The  better  class  of  houses, 
where  architects  look  after  the  work,  Is  generally  wired  far  better 
than  those  built  by  the  owners. 

The  reason  why  the  device  of  using  a  shield  between  high  and  Mr.  Shaw 
low  potential  wiring  fails  is  that  In  wet  weather  contact  is  often 
made  between  the  sides  of  the  case  and  the  high  potential  wires, 
thus  forming  a  connection  with  the  low  potential  wires. 

Mb.  Philip  Lahee — If  properly  installed,  the  conduit  system  Mr.  Lahcc 
should  be  the  best  Its  efficiency  largely  depends  upon  the  quality 
of  wire  used.  Wire  Is  often  sold  by  mani\facturers  which  will  break 
when  bent,  and  it  is  often  covered  with  a  sticky  material  which 
melts  when  the  wire  is  heated.  The  insulating  material  thus  melts 
and  the  wires  cohere  to  the  sides  of  the  tube,  which  makes  it  impos- 
sible to  withdraw  them.  The  pipes  ought  to  be  of  a  proper  size  In 
order  to  permit  the  wires  to  be  drawn  in  and  out,  and  long,  sweep 
elbows  should  be  used  Instead  of  short  bends.  The  tendency  at 
present  is  to  overcrowd  wires,  and   to   use   too   large  a  number  of 
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Mr.  Walbank. 


Mr.  K«l«ch. 


Mr.  Lahee. 


Mr.  Walbank. 


elbows.    English  material  is  better  than  that  made  in  the  United 
States. 

It  is  the.  place  of  the  Underwriters'  Association  to  start  the 
Inspection  Bureau;  when  the  fact  appears  that  it  is  a  paying  bus!- 
ess,  the  city  will  be  only  too  willing  to  take  it  over. 

What  would  be  the  additional  cost  if  wires  are  made  to  stand 
1,000  volts?  and  would  it  not  be  a  considerable  drawback  to  many 
people  to  install  the  conduit  system  on  account  of  the  extra  cost? 

It  would  be  difficult  to  make  an  estimate  offhand.  Wire  put  in 
to  safely  stand  a  voltage  of  1,000  volts  will  probably  not  break  down 
with  less  than  1,800  or  2,000  volts. 

The  ratio  in  the  coqt  of  the  wires  would  be  in  the  neighbourhood 
of  9.40.  The  extra  cost  of  the  conduit  system  is  considerable  ;  but 
as  a  rule  people  know  so  little  about  it  that  their  attention  would 
have  to  be  drawn  to  the  fact. 

Firemen  seem  to  be  very  much  afraid  of  playing  the  hose  on 
high  potential  wires.  With  the  aid  of  Mr.  Fetherstonhaugh,  a  series 
of  experiments  have  been  made  from  which  we  conclude  that  a  man 
standing  on  the  ground  and  throwing  a  Jet  of  water  30  feet  long 
from  a  2-in.  nozzle  has  a  resistance,  due  to  the  jet  alone,  of  approxi- 
mately 120,000  ohms.  If  this  jet  is  broken  the  resistance  is  greatly 
increased,  and  is  probably  nearer  1,000,000  ohms.  Taking  the  resist- 
ance of  the  human  body  at  2,500  ohms,  it  would  mean  that  the  man  ' 
is  subject  to  about  65  volts,  if  he  directs  the  jet  against  a  30,000 
volt  line.  That  is,  he  can  just  feel  the  current.  These  observations 
are  but  roughly  taken.  They,  however,  serve  to  show  that  the 
danger  from  this  source  is  greatly  exaggerated.  It  may  be  fairly 
assumed  that  the  current  necessary  to  cause  actual  death  depends 
greatly  on  the  condition  of  the  person  receiving  the  shock,  and  a 
current  which  would  be  fatal  to  some  would  not  be  fatal  to  others. 
The  resistance  of  the  body  varies  greatly  with  the  individual,  in 
some  cases  being  below  1,000  ohms,  in  others  6,000  ohms  and  more. 
Different  authorities  state  that  a  current  of  .01  amperes  is  sufficient 
to  cause  death  ;  hence  a  voltage  of  100  may,  especially  if  kept  on 
for  some  time,  prove  fatal  in  some  cases.  One  hundred  and  twenty- 
five  volts,  alternating  current,  is  about  as  much  as  a  person  can 
safely  bear.  Electricity  very  seldom  kills  outright ;  it  temporarily 
stops  the  heart  action,  and  there  is  a  condition  of  syncope,  which 
results  in  death  if  not  counteracted. 

In  summing  up  the  discussion  for  the  evening,  the  prevailing 
opinion  seems  to  be  that  to  adequately  protect  property  and  life, 
good  wiring  is  necessary  ;  that  the  secondary  of  the  transformer 
and  the  neutral  point  should  be  grounded,  and  that  the  rules 
regulating  wiring  should  be  enforced. 


BUSINESS  MEETING. 

A  business  meeting  of  the  Society,  for  the  opening  of  ballots  for 
the  election  of  members,  was  held  Thursday,  January  11,  1906,  Mr. 
Phelps  Johnson,  member  of  Council,  in  the  chair. 

Messrs.  Phelps  Johnson,  J.  W.  Heckman,  E.  A.  Rhys-Roberts, 
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declared  the  following  elected  : 

MEMBERS. 

otto  Emerson.  L.  R.  Johnson. 

W.  Graham.  .A.  T.  Tomlinson. 

H.  A.  Woods. 

ASSOCIATE  MEMBERS. 

M.  F.  Cochrane.  G.  D.  Mackinnon. 

W.  J.  DeWolfe.  J.  M.  Robertson. 

W.  B.  McLean.  C.  Russel-Brown. 

Baron  M.  L.  G.  de  Coriolis. 

Transferred  from  the  class  of  Associate  Member  to  the  class  of 

^^^^^^  '  J.  E.  Schwitzer. 

Transferred  from  the  class  of  Student  to  that  of  Associate 
Member  : 

L.  O.  Clarke. 
S.  Gagn^. 


J.  H.  Alexander. 
F.  A.  Bell. 
J.  M.  Bowrey. 
C.  V.  Brennan. 

F.  A.  Brown. 
L.  O.  Brown. 

C.  T.  Cartwrlght. 
E.  Duncan. 
W.  M.  Bverall. 

G.  H.  Ferguson. 
C.  W.  Gamble. 
M.  L.  Gordon. 
T.  W.  Graves. 

M.  B.  Jackson,  Jr. 
W.  A.  Kennedy. 
E.  C.  Kirkpatrick. 
W.  H.  McGaan. 


D.  H.  Nelles. 
A.  Tremblay. 

STUDENTS. 

J.  A.  Mcintosh. 

E.  A.  Marcil. 

A.  R.  Matthews. 
W.  N.  Moorhouse. 
S.  G.  Newton. 
G.  N.  Otty. 

F.  H.  Peters. 
H.  S.  Poole. 
A.  Priestley. 
W.  G.  Scott. 

F.  G.  Smith. 

A.  R.  Sprenger. 

D.  G.  Starr. 

C.  McN.  Steeves. 

E.  J.  Turley. 

G.  L.  Watson. 
W.  S.  Wilson. 


On  conclusion  of  the  business,  a  sale  of  periodicals  was  conducted 
by  Mr.  J.  M:  Nelson. 


MECHANICAL  SECTION. 

President — J.  R.  Durley. 
Vice-President — G.  J.  Desbarats. 

A  meeting  of  the  Mechanical  Section  was.  held  on  Thui-sday, 
January  18,  Mr.  J.  R.  Durley  in  the  chair.  Mr.  A.  G.  McAvity  read 
the  following  paper  : 


PAPER  No.  239 

HEATING    AND    VENTILATION    OF    ST.    PAUL'S    HOSPITAL, 
MONTREAL,  QUE. 

By  Allan  G.  McAvity,  S.  Can.  Soc.  C.  B. 

It  is  the  intention  of  this  paper  to  describe  a  system  of  heating 
and  ventilation  at  St.  Paul's  Hospital,  Montreal;  to  outline  the 
ideal  aimed  at;  and  to  discuss  the  function  and  efficiency  of  the 
equipment  installed. 

An  ideal  system  of  heating  and  ventilation  should  maintain  a 
constant  temperature  and  supply  fresh  air  in  large  quantities  at  a 
proper  humidity  without  dust  or  drafts.  Almost  every  system  of 
heating  is  designed  to  maintain  a  constant  temperature,  but  very 
seldom  is  the  humidity  given  consideration.  It  is  not  uncommon 
to  find!  air  in  buildings  very  much  dryer  than  normal  pure  air, 
and  an  explanation  is  not  difficult.  Since  air  saturated  at  zero 
degrees  will  contain  about  one-half  grain  of  moisture  per  cubic 
foot,  and  at  70  degrees  one  cubic  foot  will  contain  eight  grains,  it 
is  clear  that  if  air  is  heated  from  zero  to  70  degrees,  the  humidity 
at  the  higher  temperature  will  be  only  6  per  cent.,  and  the  air 
will  then  be  dryer  than  the  atmosphere  of  the  Sahara  Desert.  This 
extreme  dryness  is  very  harmful  to  the  mucous  membrane  of  the 
human  body,  and  is  in  a  large  measure  responsible  for  the  preva- 
lence of  disease  of  the  nose  and  throat  in  cold  climates.  It  1» 
also  a  noticeable  fact  that  a  high  temperature  is  required  if  per- 
sons are  to  be  comfortable  with  a  low  humidity.  It  is  well  known 
that  a  thermometer  with  moistened  bulb  will  register  a  lower  tem- 
perature than  a  dry  bulb  thermometer  beside  it,  but  it  is  not  gen- 
erally known  that  the  sensation  of  heat  and  cold  experienced  by 
people  varies  rather  with  the  registration  of  the  wet  bulb  ther- 
mometer, than  with  that  of  the  dry  bulb.  It  is  a  common  error  to 
assume  that  the  dry  bulb  thermometer  gives  a  true  indication  of 
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the  temperature  felt  by  human  beings,  and  to  consider  all  contra- 
dictory evidence  as  due  to  the  mutability  of  human  nature.  Roughly, 
it  will  be  found  that  with  65  per  cent,  relative  humidity  a  tempera- 
ture of  64  degrees  will  be  as  comfortable  as  a  temperature  of  over 
70  degrees,  with  a  relative  humidity  of  30  per  cent.  From 
an  engineering  standpoint,  therefore,  we  come  to  the  same  conclu- 
sion as  a  physician,  who,  discussing  this  subject,  states  that:  "So 
long  as  we  continue  to  neglect  the  indoor  relative  humidity  we 
shall  continue  to  live  in  unhygienic  surroundings,  create.1  by  any 
method  of  heating  that  is  not  supplied  with  means  for  properly 
moistening  the  air.  To  do  this  should  be  as  much  the  purpose  of 
a  scientifically  constructed  heating  system  as  to  furnish  sufficient 
heat."* 

Any  system  of  ventilation  will  necessarily  add  not  only  to  the 
first  cost  of  a  heating  equipment,  but  also  to  the  operating  expense. 
Heat  is  considered  essential  because  the  lack  of  it  at  once  affects 
our  comfort;  while  breathing  impure  air,  when  one  becomes  accus- 
tomed to  It,  produces  no  immediate  discomfort.  Through  ignor- 
ance of  the  fundamental  principles  much  money  has  been  wasted 
in  the  past  on  inefficient  or  defective  methods  of  ventilation.  It 
is,  however,  considered  poor  practice  to-day  to  design  a  heating 
system  without  at  the  same  time  making  provision  for  a  positive 
supply  of  fresh  air  free  from  dust  or  soot,  and  furnished  to  the 
building  without  drafts  in  any  room.  In  the  State  of  Massachu- 
setts a  law  has  been  in  force  for  several  years  making  it  compul- 
sory to  supply  30  cubic  feet  of  fresh  air  per  head  per  minute  in  all 
schools  and  public  buildings.  The  amount  of  air  usually  estimated 
for  buildings  of  different  classes  is  as  follows: — 

Hospitals  (ordinary),  35  to  40  cubic  feet  per  minute  per  person. 
Hospitals  (epidemic),  80 

Workshops, 25 

Prisons, 30 

Theatres, 20  to  30 

MeeUng  Halls,  ....  20 
Schools  (per  child),  30 
Schools    (per   adult),  40 

Fresh  air  contains  about  4  parts  carbon  dioxide  in  10,000. 
and  the  presence  of  6  to  8  parts  in  10,000  is  scarcely  noticeable,  but 
the  presence  of  11  parts  in  10,000  is  distinctly  perceptible,  and  when 
higher  percentages  are  found  the  air  is  sufficiently  stale  to  be  not 
only  uncomfortable,  but  actually  injurious.  Since  an  adult 
breathes  about  500  cubic  inches  of  air  per  minute,  and  as  respired 
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air  contains  about  3.4  per  cent,  carbon  dioxide,  it  is  clear  that 
approximately  17  cubic  inches  of  carbon  dioxide  are  exhaled  per 
minute,  and  from  these  data  the  following  table  has  been  prepared: 

ParU  curbon  dtoxlde  Cu.  ft.  of  fresh  air  per  Percentage 

In  lu.uOJ.  minute  per  penun.  re«plre<i  air. 

4 


5 
6 
7 
8 
9 
10 
11 


100       

29 

50        

58 

33.3     

87 

25        

1.45 

20        

1.74 

16.7     

2.03 

14.3     

2.32 

Common  standards  of  good  ventilation  are  taken  as  allowing 
between  6  and  8  parts  of  carbon  dioxide  to  10,000  parts  of  air,  and  a 
comparison  of  the  two  tables  will  show  that  they  give  about  the 
same  results.  Allowance  should  be  made  for  the  size  of  the  room 
and  the  period  during  which  it  is  used  at  a  time,  for  where  there  is 
a  large  space  per  capita,  even  if  no  fresh  air  is  admitted,  it  will 
take  some  time  for  the  air  to  become  polluted. 

With  a  system  of  forced  ventilation  (there  is  a  tendency  to  install 
small  ducts,  as  the  available  space  for  ducts  is  generally  limited, 
and  by  an  increase  of  pressure  the  requisite  amount  of  air  may  be 
delivered  even  with  small  ducts.  It  is  a  great  mistake,  however,  to 
use  a  high  pressure,  even  though  it  be  available,  for  at  too  high  a 
velocity  through  the  ducts  a  rush  of  air  is  distinctly  audible,  and 
air  entering  and  leaving  rooms  at  a  high  velocity  will  be  certain 
to  produce  uncomfortable  drafts.  Some  device  for  cleaning  the  air 
supplied  is  also  necessary,  for  no  matter  where  the  Inlet  is  placed 
there  is  bound  to  be  mixed  with  the  entering  air  some  dust  and 
soot 

We  should  then  aim  to  keep  a  constant  temperature  at  a  con- 
stant humidity,  and  to  supply  pure  screened  air  in  positive  quan- 
tities without  creating  perceptible  drafts. 

The  equipment  at  St  Paul's  Hospital  consists  of  a  motor-driven 
fan;  tempering  coils,  and  heating  coils,  with  their  supply  and 
return  pipes;  ducts  for  a  distribution  of  air  with  deflectors  for 
adjustment  and  dampers  for  control;  thermostats  for  control  of 
temperatures,  and  a  combined  air  washer  and  humidifier  for  clean- 
ing and  moistening  the  air.  The  fan  is  a  three-quarter  housing 
steel  plate  centrifugal  with  double  discharge.  It  is  driven  by  a 
direct  current  motor  by  means  of  a  chain  drive.  At  full  speed  it 
delivers  45,000  cubic  feet  of  air  per  minute,  and  by  means  of  a 
rheostat  in  the  field  circuit  of  the  motor  two  lower  running  speeds 
may  be  used.    The  coils  are  of  the  mitre  type,  which  are  usually 
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employed  for  hot  water,  as  the  resistance  to  circulation  is  very 
low,  and  in  this  case  they  are  used  with  low  pressure  steam  for 
the  same  reason.  Tempering  coils  are  placed  between  the  inlet 
and  sprays  to  bring  the  air  at  least  above  freezing  point.  A  tem- 
perature of  50  to  55  degrees  is  found  necessary  in  the  spray  cham- 
ber, because  the  temperature  in  this  chamber  aCEeots  the  humidity, 
and  because  some  air  by-passes  the  heating  stack  on  the  discharge 
side  of  the  fan,  and,  therefore,  goes  to  the  rooms  without  a  further 
increase  of  temperature.  The  distributing  ducts  beginning  beyond 
each  heating  stack  carry  separately  hot  air  which  passes  through 
'the  heating  coils,  and  tempered  air  which  goes  above  them. 
These  ducts  are  kept  separate  until  the  mixing  damper  is  reached, 
of  which  a  detail  is  shown  in  Plate  1.  In  each  duct  there  is  a  bal- 
anced damper,  and  the  two  are  joined  together  by  a  link,  so  that 
when  one  is  open  the  other  is  shut,  and  vice  versa.  Thus  a  con- 
stant volume  of  air  is  supplied  at  a  temperature  varying  in  such 
a  way  as  to  balance  the  heat  losses  from  the  building.  In  most 
rooms  the  dampers  are  controlled  by  thermostats,  to  give  a  con- 
stant temperature,  but  in  some  they  are  arranged  for  hand  regu- 
lation. 

The  air  washer  and  humidifier  is  shown  in  detail  in  figure  1. 
It  consists  of  a  number  of  spray  nozzles  in  a  plane  at  right  angles 
to  the  course  of  the  air,  and  a  box  of  baffle  plates  which  remove 
the  dust  and  water  carried  mechanically.  The  sprays  are  shown 
clearly  in  the  drawing,  and  require  no  further  description,  but 
there  are  several  novel  features  in  the  "dry  box"  which  need  expla- 
nation. In  the  fan  room  of  the  hospital  space  is  very  valuable,  for 
every  foot  is  below  the  ground  level,  and  excavation  is  expensive. 
If  the  cross  section  of  the  dry  box  is  to  be  reduced,  we  must  figure 
on  a  higher  velocity  of  air  in  order  to  handle  the  same  quantity. 
In  this  case  a  velocity  of  about  360  feet  per  minute  is  used,  and 
the  loss  in  friction  is  so  small  as  to  be  almost  negligible.  Consid- 
ering that  each  plate  is  but  two  inches  long,  and  the  total  thick- 
ness of  the  box  but  12  inches,  it  seems  impossible  that  the  mois- 
ture can  be  completely  removed.  A  piece  of  dry  paper  placed 
behind  the  box  at  any  point  will  show  no  trace  of  drops  of  water, 
however,  nor  is  there  any  perceptible  moisture  on  the  last  bend 
of  the  plates.  The  first  bends  are  purposely  left  without  projec- 
tion to  allow  a  film  of  water  to  form,  and  It  is  this  film  which  col- 
lects most  of  the  moisture  and  all  dust  or  soot.  The  first  projec- 
tion prevents  most  of  this  film  from  being  carried  through,  and  the 
'remaining  projections  remove  thoroughly  whatever  water  may 
remain.  While  we  may  depend  upon  the  film  to  remove  all  water 
carried  mechanically,  the  moisture  carried  by  absorption  Is  on  the 
contrary  increased  to  an  amount  dependent  chiefiy  on  the  velocity 
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of  air  through  the  plates.  At  any  given  running  speed  of  the  fan 
this  velocity  Is  constant,  and  the  relative  humidity  of  air  leaving 
the  baffle  plates  at  full  speed  remains  nearly  constant  at  80  per 
^nt,  independent  of  the  relative  humidity  of  the  entering 
air.  If  the  temperature  of  the  spray  chamber  is  kept 
at  65  degrees,  each  cubic  foot  will  carry  80  per  cent,  of 
4.85  grains  or  3.88  grains  of  water,  which  will  give  a  con- 
stant humidity  of  a  little  more  than  55  per  cent,  when  the  air  is 
warmed  to  65  degrees.  The  temperature  in  the  spray  chamber  is 
kept  constant  by  a  thermostat,  which  operates  a  by-pass  damper 
below  the  tempering  coils,  admKting  enough  cold  air  to  reduce  the 
temperature  as  required.  The  air  in  the  tempered  air  ducts  will 
remain  at  80  per  cent  humidity,  and  the  air  in  the  hot  air  ducts  will 


Fig.  2. 


enter  the  room  at  a  low  relative  humidity,  but  in  either  duct  3.88 
grains  are  carried  by  each  cubic  foot  of  air,  which  corresponds  at 
65  degrees  to  a  humidity  of  65  per  cent.,  and  if  the  rooms  are  kept 
at  this  temperature  the  humidity  will  be  practically  constant. 

Both  hot  and  tempered  air  ducts  are  made  of  galvanized  iron 
of  the  following  gauges: — 

All  pipes  of  less  than  5  feet  circumference,  of  No.  26  guage; 
5  to  8  feet  circumference,  of  No.  24  gauge;  8  to  lO^^  feet  circumfer- 
ence, of  No.  22  gauge;  10%  to  13^  feet  circumference,  of  No.  20 
gauge;  13%  to  19  feet  circumference,  of  No.  18  gauge;  above  19 
feet  circumference,  of  No.  16  gauge. 
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The  croBS  section  at  any  point  of  the  air  ducts  is  designed  to 
give  a  constant  friction  per  foot  of  length,  and  each  branch  is 
designed  to  receive  its  proportionate  supply,  though  the  amount 
of  air  it  receives  will  depend  largely  upon  the  angle  at  which  it 
leaves  the  main  duct,  and  at  this  point  a  deflector  is  installed  to 
permit  careful  adjustment  when  taking  an  -  anemometer  test. 

There  are  four  separate  buildings  to  be  heated,  and  the  ducts 
run  through  tunnels  to  three  of  them.  Hot  and  tempered  air  are 
carried  in  separate  ducts  from  the  coils  and  by-pass  until  close 
to  the  opening  into  each  room,  where  mixing  dampers  are  located 
as  shown  in  the  plate.  As  soon  as  possible  alter  passing  the  dam- 
pers a  gradual  increase  of  50  per  cent,  in  the  area  of  the  duct  is 
made,  which  makes  the  velocity  of  air  entering  so  low  that  there 
is  no  perceptible  draft.  No  register  faces  are  used,  but  the  iron  of 
the  duct  is  flanged  back  against  the  wall  and  covered  with  a  plain 
wood  border.  This  arrangement  gives  a  neat  appearance,  and  by 
doing  away  with  registers  gives  ready  access  for  cleaning,  and  an 
unobstructed  flow  of  air. 

The  vent  flues  all  have  dampers,  which  are,  in  most  cases,  kept 
partly  closed  to  ensure  a  slight  plenum  in  the  rooms.  All  vent 
flues  lead  to  the  attic,  in  which  there  are  two  ventilating  towers 
with  movable  louvres.  The  louvres  are  made  of  a  waterproof  silk, 
with  a  rod  at  top  and  bottom  to  keep  its  shape.  The  top  rod  is 
stationary  in  a  frame,  and  the  bottom  rod  is  light  enough  to  allow 
air  to  escape,  but  heavy  enough  to  fall  back  in  place  if  there  is  a 
tendency  for  air  to  enter. 

It  is  noticeable  that  in  such  a  ventilating  system  there  are 
many  adjustments  to  be  made,  but  most  of  these  are  made  when 
testing,  and  are  then  left  permanently  in  a  flxed  position.  After  all 
deflectors  and  dampers  are  set  no  change  can  be  made  in  the 
amount  of  air  supplied,  except  by  varying  the  speed  of  the  fan, 
and  this  can  only  be  done  from  the  switchboard.  Thermostatic 
dampers  in  most  rooms  keep  the  temperature  variation  within  one 
degree.  Another  set  of  thermostats  placed  in  the  fresh  air  inlet 
are  adjusted  to  close  oft  one  coil  of  the  heating  stacks  at  10  degrees 
above  zero,  a  second  at  20  degrees,  and  a  third  at  30  degrees.  Simi- 
larly one  section  of  the  tempering  colls  closes  when  the  out-door 
temperature  Is  35  degrees,  and  the  other  closes  at  60  degrees.  The 
temperature  regulation  is  thus  taken  care  of,  and  since,  as  already 
explained,  the  humidity  Is  controlled  automatically,  the  only 
attendance  that  is  required  is  the  occasional  cleaning  and  oiling 
of  motor,  fan,  and  pumps. 

The  operating  expense  and  flrst  cost  of  such  a  system  of  heat- 
ing and  ventilation  will  be  higher  than  for  a  system  of  direct 
steam  piping  designed  for  heating  alone.    While  accurate  data  for 
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comparison  are  not  available,  an  examination  of  the  formulae  will 
show  the  reason  for  the  difference  found  in  practice. 

A  common  formula  for  the  loss  of  heat  from  a  building  is 


«=(m-  +  '^«  +  ^''')" 


where 


H  =  Loss  of  heat  in  B.  T.  U.  per  hour. 

n  =  Number  of  times  air  is  changed  per  hour. 

0  =  Cubical  contents  of  building  in  cubic  feet 

G=:Area  of  exposed  glass  surface  in  square  feet 

W==Area  of  exposed  wall  surface  in  square  feet 

t  =  Difference  of  temperature  between  air  inside  and  air  out  of 

doors. 

K  and  K'=Co-efficients  for  the  loss  of  heat  in  B.  T.  U.  per 

square  feet  per  hour  through  glass  and  wall  respectively. 

An  average  value  of  K  is  1,  and  of  K'  ^,  so  that  a  general 

formula  would  be* 


H=(-^+G+Jw), 


In  this  formula  (G+%W)  t  expresses  the  heat  lost  by  radiation 
through  walls  and  windows.  This  loss  would  be  the  same  for 
either  a  direct  steam  system  or  an  indirect  heating  system  If  the 
temperature  in  the  room  were  uniform.  To  heat  a  building  satis- 
factorily with  direct  steam  it  is  necessary  to  place  much  of  the 
radiating  surface  along  outside  walls.  As  the  air  back  of  and 
above  these  coils  or  radiators  will  be  hotter  than  air  in  the  body 
of  the  room,  the  loss  by  conduction  is  proportionately  increased. 
Obviously,  with  an  indirect  system  there  is  a  saving,  as  the  hot 
air  pipes  are  carried  on  inside  walls  and  the  temperature  is  prac- 
tically uniform. 

n  c 
The  expression  -v^t  is  an  allowance  for  the  heat  required  to 

warm  air  which  enters  around  doors  and  windows  and  through  the 
walls.  In  a  building  60  feet  high,  with  an  indoor  temperature  of 
70®  in  zero  weather,  there  would  be  a  pressure  inwards  against  the 
wall  at  the    ground  level  of  about  one-half  pound  per  square  foot 


*  Prof.  R.  C.  Carpenter,  Heating  and  VentllatlnR  Buildings,  Chap.  III. 
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Through  openings  at  top  and  bottom  air,  with  a  free  passage, 
would  flow  at  a  velocity  of  over  3,000  feet  per  minute.  The  fric- 
tion of  the  course  that  such  a  current  of  air  takes  in  an  ordinary 
building  reduces  the  above  figures,  but  in  any  room,  if  the  upper 
sash  of  a  window  is  lowered,  and  the  lower  sash  raised,  air  will 
fiow  in  at  the  bottom  and  out  at  the  top  at  a  comparatively  high 
velocity.  When  the  sashes  are  shut  air  still  comes  in  through 
crevices,  and  through  the  walls,  and,  unless  the  construction  is 
exceptionally  tight,  unpleasant  cold  drafts  will  be  formed. 

The  volume  of  air  which  thus  passes  through  the  building  by 
filtration  must  be  heated  to  the  temperature  maintained.  An  esti- 
mate of  the  volume  which  is  to  be  heated  must  be  made,  and  with 
proper  allowance  for  the  nature  of  the  construction  the  value  of 
n  (the  number  of  air  changes  per  hour)  is  for  corridors,  3;  for 
churches  and  assembly  rooms,  2  to  2^;    for  ground  floor  rooms, 

2  to  3;    and  for  second  floor  rooms,  1^  to  2. 

n  c 

With  an  indirect  system  of  heating  the  expression  — rr-  t  gives 

the  B.  T.  U.  required  for  ventilation  alone.  With  a  direct  steam 
heating  system  the  infiltration  of  air  might  be  considered  as  ven- 
tilation, but  the  amount  is  uncertain  and  inadequate,  and  any 
advantage  of  ventilation  received  is  more  than  offset  by  the  injuri- 
ous effect  of  the  drafts  formed.  With  an  indirect  system  all  enter- 
ing air  is  heated  before  it  goes  to  the  rooms,  and  there  is  no  leak- 
age around  doors  and  windows,  for  a  plenum  is  formed  by  the  fan, 
which  reverses  the  natural  tendency  and  causes  an  outward  flow 
of  air.  If  the  fan  were  to  take  its  supply  of  air  back  from  the 
rooms  no  plenum  would  be  formed,  and  there  would  be  an  infil- 
tration of  air  as  with  direct  steam  heating.  If  part  air  is  taken 
from  out  of  doors  and  part  returned  there  is  a  proportion  at  which, 
if  a  window  is  opened  on  a  still  day,  no  perceptible  fiow  of  air  will 
take  place  in  either  direction.  This  is  the  condition  when  the 
same  amount  of  air  is  taken  from  out  of  doors  as  would  otherwise 
enter  by  infiltration.  When  so  operated,  although  ventilation  to 
the  extent  of  about  two  air  changes  per  hour  is  supplied,  the  co9t 
of  operation  will  be  a  minimum,  and  will  be  the  same  as  for  direct 
steam  heating. 

A  supply  of  two  air  changes  per  hour  is  not  sufficient  for  a 
hospital,  and  the  fan  takes  Its  entire  supply  of  air  from  out  of 
doors,  giving  an  air  change  in  from  6  to  8  minutes,  or  8  to  10  air 
changes  per  hour. 

The  cost  of  fuel  for  ventilation  alone  may  be  easily  estimated. 
Assuming  an  average  temperature  of  30°  from  Dec.  1st  to  March 
1st,  the  coal  required  to  supply  3,000  feet  of  air  per  capita  per  hour 
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can  be  calculated  from  the  formula  H  =  —  t,  which  Decomes 
H  =  ????  -h  30=1636  B.  T.  U.  per  hour.     In  a  hospital  ventilation  is 

supplied  day  and  night,  giving  a  total  requirement  of  3,533,760 
B.  T.  U.  per  capfta  for  three  months.  In  schools  the  plant  would 
be  in  operation  only  eight  hours  per  day,  requiring  but  one-third 
this  amount.  Assuming  an  evaporation  of  nine  pounds  of  steam 
per  pound  of  coal,  the  coal  required  during  the  three  months 
stated  would  be  about  450  pounds  per  capita  for  hospitals,  and  150 
pounds  per  capita  for  schools. 


v/ 


Mr.  Golduiark. 


Mr.  Durley 
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DISCUSSION. 

Mr.  Henry  Goldmark  (M.  Can.  Soc.  C.  B.)— -It  is  a  pleasure  to 
have  listened  to  this  paper,  and  Mr.  McAvity  is  to  be  congratulated 
for  giving  the  theory  of  this  interesting  subject  in  such  a  clear  and 
concise  way,  and  further  for  the  calculations  of  the  constants 
involved,  which  are  of  so  much  importance  and  seldom  given.  When, 
three  or  four  years  ago,  this  problem  had  to  be  faced  in  the  Angus 
Shops,  this  information  would  have  been  very  acceptable.  It  was 
only  obtained  after  considerable  hard  work.  After  much  written 
matter  had  been  gone  through  the  theories  had  to  be  fitted  to  the 
special  case  then  on  hand.  In  the  Angus  Shops  it  was  hardly  a 
question  of  ventilation,  but  of  economically  heating  large  barn-like 
buildings.  It  was  estimated  that  to  do  this  about  twenty-eight  hun- 
dred horse  power  would  be  required,  and  actual  tests  after  installa- 
tion checked  out  closely  with  those  figured. 

The  heating  is  all  done  by  exhaust  steam  (no  live  steam  being 
used  except  for  fans),  and  gives  a  temperature  of  about  70°  in  the 
coldest  weather.  The  planing  mill,  however,  which  is  about  20  feet 
high,  is  heated  by  three  coils  placed  in  the  roof  trusses.  In  the 
planing  mills  numbers  of  machines  are  connected  with  exhausters 
to  take  away  shavings,  so  that  a  large  quantity  of  heated  air  is 
constantly  taken  away.  In  cold  weather  the  average  temperature 
near  the  fioor  is  not  more  than  50°;  but  this  does  not  matter  very 
much,  since  the  men  have  to  work  very  hard,  and  the  temperature 
is  therefore  quite  suflacient. 

The  method,  described  by  the  author  of  the  paper,  of  freeing  the 
air  from  its  impurities  and  delivering  it  at  any  temperature  r.nd 
humidity,  is  an  ideal  system  for  heating  and  ventilating  a  building, 
sinfc  it  offers  so  many  opportunities  for  regulating  the  temperature. 

The  difficulties  referred  to  in  connection  with  the  use  of  the 
mitre  coil,  are  of  frequent  occurrence.  The  centre  coils  are  hot,  while 
the  outside  ones  are  quite  cold.  In  some  cases  this  defect  can  be 
remedied  by  putting  in  a  small  pipe  at  the  bottom,  and  pumping 
out  the  water. 

The  blower  system,  which  is  less  expensive  in  initial  cost,  gives 
good  results  in  heating  large  shops,  and  has  the  great  advantage  of 
centering  all  the  heating  apparatus.  This  is  particularly  desirable 
where  economy  of  space  is  required. 

Prof.  R.  J.  Durley  (M.  Can.  Soc.  C.  E.)— What  are  the  figures 
showing  the  actual  amount  of  steam  used  in  heating  the  Angus 
Shops  and  the  average  time  for  a  change  of  air? 

There  are  no  figures  at  hand,  but  the  actual  amount  of  steam 
required   seems   to  check   well   with  the   original   estimates.      Air 
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change  takes  place  about  every  twenty-five  minutes,  due  to  leakage, 
open  doors  and  so  on. 

Would  not  the  formulee  have  to  be  modified  to  suit  varying  con-  Mr.  Duriey. 
ditions?    Frequently  the  porous  condition  of  the  brick  used  in  boiler 
Betting  allows  air   to  leak   In,  and   this   can   only  be  overcome  by 
placing  a  lining  on  the  inner  side  of  the  bricks. 

The  meeting  would  also  like  Dr.  Qtarkey's  opinion  about  the 
effect  that  lack  of  humidity  has  on  the  mucuous  membrane. 

Mr,  a.  G.  McAvity   (A.  M.  Can.  Soc.  C.  E.)— The  leakage  of  air  Mr-McAnty. 

into  a  building  is  always  difllcult  to  estimate,  since  it  depends  on 

the  construction,  and  usually  the  heating  is  designed  before  the 

building  is  commenced.    Professor  Carpenter's  formula  (G  -h  i  w)  t 

for  loss  due  to  radiation  gives  results  to  within  two  per  cent.    The 

n  c 
resuHs  of  the  formula  -r,  t»  though  not  so  exact,  are  a  good  average. 

DO 

The  prominence  given  in  the  first  part  of  this  paper  to  the  value  d,  gtarkciy. 
of  proper  humidity  In  the  air  Is  quite  a  new  departure.  This  sub- 
ject is  only  lately  beginning  to  be  understood,  and  a  great  many 
systems  of  heating  and  ventilating  have  proved  failures  on  account 
of  the  air  being  too  dry.  The  deficiency  of  humidity  In  the  air 
causes  irritation  of  the  mucuous  membrane  of  the  respiratory  tract, 
which  is  not  a  healthy  condition  for  a  normal  lung,  and  a  very 
serious  matter  in  the  case  of  a  diseased  one. 

In  the  near  future  a  great  deal  more  attention  will  have  to  be 
given  to  the  question  of  heating  and  ventilation  in  dwelling  houses. 

The  paper  read  to  the  meeting  shows  what  an  enormous  amount 
of  water  is  necessary  to  keep  the  air  properly  humid. 

Do  the  silk  fiaps  work  well  during  the  cold  weather?  Ventila- 
tion systems  generally  give  most  trouble  at  this  season.  It  would 
seem  that  In  air  charged  with  a  relative  humidity  of  55%,  at  a  tem- 
perature of  sixty-five  degrees,  the  large  amount  of  condensation 
would  cause  the  silk  flaps  to  stick  and  not  to  work  properly. 

The  reference  to  the  size  of  the  ducts  is  very  proper,  and  better 
results  seem  to  be  obtained  where  extra  allowance  is  made  for  duct 
space. 

The  air  washing  machines  mentioned  are  most  interesting.  On  ^r.  Duriey. 
first  view  it  seems  hardly  possible  that  they  are  feasible,  and  one  still 
feels  incredulous  even  after  seeing  the  separating  machine  at  work. 
The  man  In  charge  of  the  ventilating  plant  in  one  of  the  large 
modern  hotels  in  New  York  says  that  he  has  to  be  very  careful 
about  the  humidity-regulating  plant,  for  a  variation  from  the  5% 
mark  brings  in  Immediate  complaints.  This  system  is  used  in  the 
Bank  of  Montreal.  Another  system  of  ventilation  is  employed  by 
the  Cunard  Line,  namely,  the  Thermo  Tank  System,  in  which  the 
difficulty  regarding  humidity  is  overcome  by  blowing  In  steam. 
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On  page  six  of  the  paper  there  is  described  the  effect  of  passing 
air  through  the  baffle  plates.  How  does  the  velocity  of  the  air 
through  the  plates  affect  the  moisture  carried  by  absorption?  Some 
figures  relating  to  the  capacity  of  the  buildings  ventilated,  and  the 
average  velocities  in  the  different  flues  and  ducts,  if  put  into  ihe 
flnal  revision  would  certainly  add  to  the  value  of  the  paper. 

Mr.McATity.  As  far  as  the  silk  flaps  are  concerned,  they  have  worked  satis- 
factorily. If,  at  any  time,  they  should  fail,  it  would  not  be  difficult 
to  find  other  material. 

In  reply  to  Professor  Durley's  question,  the  dry  box  and  spray 
chamber  are  very  short,  being  only  seven  feet  over  all,  and  there- 
fore the  velocity  is  an  important  factor,  as  it  determines  the  period 
of  time  for  contact  between  air  and  water. 

The  impurities  in  the  air  are  washed  out  on  account  of  being 
heavier  than  the  air,  and  are  deflected  in  their  course  through  the 
baffle  plates,  sticking  to  the  wet  surfaces.  It  is  of  great  importance, 
especially  in  hospitals  and  schools,  to  supply  air  for  ventilation, 
which  has  been  freed  from  dust  and  soot. 

In  one  small  plant  the  air  was  blown  in  through  a  screen  filled 
with  cotton  batting.  After  being  used  one  day  this  filling  turned 
perfectly  black,  and  yet  the  air,  which  came  in  through  a  window 
on  the  fourth  story,  was  supposedly  taken  from  a  clean  spot. 
Cloth  screens  are  not  efficient  in  removing  dust,  since  they  allow 
the  finer  particles  to  penetrate  them. 

Prof.  Diiriey.  The  designers  evidently  make  the  mistake  of  allowing  for  too 
high  a  velocity  through  the  cheese-cloth  screens.  These  should  and 
can  be  easily  and  frequently  cleaned  by  means  of  vacuum  cleaners. 
If  the  washing  system,  so  favourably  reported  upon,  to-night,  is 
successful,  its  future  will  be  great.  From  the  point  of  view  alone 
of  space-saving  it  must  be  valuable. 

Mr.  Farmer.  Is  there  much  difficulty  in  cleaning  the  separator  plates? 

Mr.McAvity.  Ycs,  unless  proper  allowance  is  made.  When  building,  in  one 
case,  the  apparatus  was  put  in  in  a  sheet  of  glass  so  that  the  plates 
could  be  examined.  When  necessary  the  glass  can  be  removed  and 
the  plates  taken  out,  one  by  one,  to  be  cleaned.  They  might  very 
well  be  cleaned  with  a  hose,  if  the  latter  is  applied  at  both  ends. 


The  following  papers  were  read  at  the  Annual  Meeting,  held 
January  30  : 

PAPBII  No.  240 

TIDE  LEVELS  AND  DATUM  PLANES  ON  THE 
PACIFIC   COAST  OP  CANADA. 

By  W.  Bell  Dawson,  M.A..  D.Sc,  F.  R.  S.  C,  M.  Inst. 
C.  E.,  M.  Can.  Soc.  C.  E.,  Engineer  in  Charge  of  the  Tidal 
and  Current  Survey  of  Canada. 

In  extending  the  Survey  of  Tides  and  Currents  to  British 
Columbia  on  the  Pacific  coast,  it  has  been  necessary  to  decide 
upon  planes  of  reference  for  the  height  of  the  tide  in  the  various 
harbours,  and  to  establish  several  new  bench-marks,  in  doing  so, 
any  datum  already  established  or  levels  previously  determined 
have  been  correlated  with  the  new  work,  to  avoid  confusion  and 
to  give  the  tide  levels  a  satisfactory  basis  from  the  outset.  The 
levels  which  a  continuous  record  of  the  tide  affords  will  be  valu- 
able for  reference  in  the  construction  of  wharves,  dredging,  and 
other  harbour  Improvements,  and  in  city  works,  as  well  as  for 
marine  purposes. 

Owing  to  the  planning  and  diracting  of  tidal  work  on  the  St. 
Lawrence  and  the  Atlantic  coast,  and  the  investigations  of  cur- 
rents during  the  earlier  years  of  this  Survey,  it  had  not  been 
possible  for  the  writer  to  visit  the  Pacific  coast  until  -the  seasoa 
of  1905.  Some  headway  has  been  ma-de,  however,  in  the  publication 
of  tide  tables  for  Pacific  ports,  and  the  commencement  of  tidal 
observations.  The  opportunity  of  this  season  enables  the  results 
with  regard  to  datum  planes  and  bench-marks  to  be  given  in  a 
complete  form,  up  to  the  stage  now  reached.  . 

These  results  may  be  regarded  as  supplementary  to  those 
already  published  for  the  Atlantic  coast  in  1903,  in  a  paper 
entitled  "Tide  Levels  and  Datum  Planes  in  Eastern  Canada."  It 
will  not,  therefore,  be  necessary  to  repeat  the  general  explanations 
there  given,  or  to  enlarge  upon  the  permanent  value  of  tide  levels 
and  the  bench-marks  which  record  them. 

In  any  tidal  observations  the  two  essentials  are  the  correct 
time  and  a  plane  of  reference  for  height,  as  these  are  the  co- 
ordinates of  the  tidal  curve.  The  main  object  of  this  Survey,  as 
a  branch  of  the  Marine  Department,  is  to  deal  with  the  time  of 
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the  tide,  since  this  is  the  matter  of  chief  importance  to  navigation, 
and  the  question  of  levels  is  quite  secondary.  In  the  strong 
tidal  currents  of  British  Columhia,  it  is  information  as  to  the  time 
of  slack  water  that  is  most  wanted  by  the  mariner.  To  obtain 
correct  time  for  the  observations  is  also  the  greatest  difficulty  met 
with  on  such  a  coast.  But  the  value  of  reliable  levels,  which  can 
only  be  obtained  from  tidal  observations,  makes  it  seem  right  to 
take  the  additional  trouble  necessary  to  secure  them. 

The  importance  of  publishing  such  results  is  emphasized  by 
what  has  occurred  in  British  Columbia.  Bench-marks,  carefully 
established,  are  now  useless  because  the  record  of  their  elevations 
is  lost  through  fire  ;  the  loss  of  level  notes  or  the  destruction  of 
primary  bench-marks  leaves  elaborate  surveys  with  uncertainty 
in  their  datum  planes,  which  it  is  extremely  difficult  to  re-deter- 
mine satisfactorily.  By  publication,  these  records  might  have  been 
preserved,  and  a  large  amount  of  good  work,  and  subsequent 
trouble  and  expense  in  replacing  them,  would  have  been  saved. 

The  condition  of  the  tide  levels  as  met  with  at  different  places, 
was  strongly  contrasted.  At  some  places,  of  course,  there  was 
nothing  to  refer  to,  and  it  was  even  difficult  to  know  at  what 
level  to  set  a  tide  scale  so  that  the  tide  would  keep  within  its 
range.  The  only  course  was  to  place  an  independent  bench-mark, 
and  make  a  beginning.  At  the  other  extreme  there  was  a  redund- 
ance of  datum  planes,  established  by  various  engineers  and  sur- 
veyors, with  little  regard  to  anything  previously  done,  and  often 
complicated  by  loss  of  record.  In  such  a  case,  to  follow  the  usual 
precedent  of  ignoring  the  past  and  beginning  afresh,  would  have 
been  unprincipled,  especially  when  valuable  tide  levels  were  often 
carefully  referred  to  an  uncertain  datum.  In  contrast  with  this, 
the  service  rendered  by  Mr.  H.  J.  Gamble,  the  Resident  Engineer 
of  the  Canadian  Pacific  Railway  at  Vancouver,  deserves  mention. 
He  has  taken  the  trouble  to  furnish  information  regarding  levels 
to  the  Public  Works  Department,  the  British  Admiralty,  and  the 
city  of  Vancouver,  which  has  kept  the  various  planes  of  reference 
in  relation,  and  has  prevented  uncertainty  and  confusion. 

Character  of  the  Pacific  Tide. — The  most  important  plane  of 
reference  which  results  from  tidal  observations  is  undoubtedly 
Mean  Sea  level.  To  understand  the  best  method  of  obtaining  its 
value,  it  is  necessary  to  explain  briefly  the  character  of  the  Pacific 
tides,  a3  at  first  sight  they  appear  quite  irregular.  Tha  Atlantic 
tide,  with  which  we  ara  the  mo3t  familiar,  follows  the  phases  of 
the  moon,  and  accordingly  the  alternation  of  spring  and  neap  tides 
is  its  dominant  feature.  The  tide  of  the  Pacific,  however,  can 
best  be  described  as  a  declination-tide.  Its  leading  feature  is  a 
pronounced   diurnal  inequality  which  accords  with  the  declination 
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of  the  moon,  and  is  subject  to  an  annual  variation  with  the  change 
in  the  declination  of  the  sun.  Also,  the  unusually  large  solar 
effect,  relatively  to  the  lunar,  not  only  accentuates  this  annual 
variation,  but  in  some  regions,  especially  northward,  it  becomes 
sufficient  to  enable  the  springs  and  neaps  to  be  distinguished  with 
little  difficulty. 

On  the  open  coast  of  the  Pacific,  the  tide  curve  is  still  fairly 
regular,  though  showing  the  diurnal  inequality  strongly.  But  in 
Fuca  Strait  and  the  region  of  the  Strait  of  Georgia,  which  makes 
up  half  the  coast  line  of  (British  Columbia,  and  where  all  the  more 
important  harbours  are  situated,  the  appearance  of  the  tide  curve 
is  anomalous.  The  high  waters  are  nearly  at  the  same  level,  and 
the  range  depends  on  the  amount  of  fall  to  low  water,  which  may 
be  almost  inappreciable  or  very  pronounced.  During  the  greater 
part  of  the  day,  there  may  thus  be  a  long  stand  or  only  a 
slight  fluctuation  near  the  high-water  level  with  a  sharp  and 
short  drop  to  the  lower  low  water  which  occurs  once  in  the  day. 
This  type  only  changes  to  a  fairly  symmetrical  curve  when  the 
moon  is  on  the  equator  near  the  time  of  the  equinoxes. 

The  spring  and  neap  tides  of  the  A.tlantic  nomenclature  are 
difficult  to  find,  as  they  here  form  a  minor  feature  which  is  ob- 
scured by  the  stronger  characteristics  of  the  tide.  The  ''Establish- 
ment," which  is  so  well  marked  in  the  Atlantic,  is  thus  almost 
illusory  unless  it  is  strictly  reduced  to  equinoxial  and  equatorial 
conditions  in  accordance  with  the  definition  used  in  France.  In 
dealing  with*  tide  levels,  it  may  still  be  convenient  to  speak  of 
spring  and  neap  tides,  If  they  are  understood  to  mean  the  two 
maxima  and  the  two  minima  in  range  or  in  level  which  always 
occur  in  the  period  of  the  lunar  month.  But  the  two^  highest  and 
the  two  lowest  points  on  the  tide  curve  for  the  month,  may  be  as 
much  as  five  days  before  or  after  the  full  or  new  moon,  as  they 
?re  so  largely  occasioned  by  the  diurnal  inequality. 

The  extreme  tides  of  the  year  necessarily  occur  at  the  nearest 
point  to  the  solstices  at  which  the  moon  reaches  its  maximum 
declination. 

A  tide  of  this  character  is  apt  to  be  termed  irregular  by  the 
mariner,  as  the  tropical  or  declination- month,  which  is  its  gov- 
erning period,  is  less  familiar  and  less  noticeable  than  the  synodic 
month  of  the  moon's  phases.  It  is  evident,  however,  that  this 
tide  is  perfectly  astronomical,  and  its  analysis  and  prediction  are 
just  as  definite  as  for  any  other  type  of  tide. 

Mean  Sea  Level. — ^With  a  tide  of  this  type,  there  is  a  notable 
difference  between  the  half-tide  level,  and  the  true  value  of  Mean 
Sea  leveh  Its  only  accurate  value  is  the  mean  ordinate  found  by 
the  integration   of   the  tide  curve,  referred    to   any  invariable  base 
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line  or  datum.  This  mean  ordinate  fixes  the  position  of  the 
horizontal  line  which  bisects  the  area  of  the  tide  curve;  and  thi» 
also  accords  with  the  best  definition  of  Mean  Sea  level  for  any 
type  of  tide.  We  .have  occasion,  later  on,  to  point  out  the  impor- 
tance of  adhering  to  this  definition,  as  the  half-tide  level  may 
differ  a  foot  from  true  Mean  Sea  level,  even  in  the  case  of  a  tide 
whose  extreme  range  is  only  thirteen  feet. 

The  advantage  of  a  registering  tide  gauge  is  much  emphasised 
with  tides  of  this  character.  If  scale  readings  are  taken  by  direct 
observation,  which  the  Admiralty  surveyors  usually  prefer,  they 
must  be  continuous,  day  and  night,  and  afterwards  plotted  as  a 
curve,  or  little  use  can  be  made  of  them  except  for  the  reductloik 
of  soundings.  With  a  registering  gauge,  this  elaborate  and  expen- 
sive method  can  be  dispensed  with.  The  hourly  ordinates  of  the- 
tide  curve  throughout  the  year  enable  the  true  value  of  Mean  Sea 
level  to  be  readily  found;  and  even  with  a  shorter  period,  the 
continuity  of  the  record  enables  the  diurnal  Inequality  to  be  fol- 
lowed, and  if  this  is  known  the  average  level  and  the  extremes 
of  high  and  low  water  and  other  data  can  be  correctly  determined. 
The  continuous  record  is  equally  Important  with  respect  to  the 
time  of  the  tide,  in  which  there  is  a  similar  inequality  of  interval  ; 
but  with  this  we  are  not  now  dealing. 

The  question  of  Mean  Sea  level  is  of  unusual  interest  on  the 
Pacific  coast,  as  there  is  reason  to  believe  that  its  -elevation  is 
changing.  Some  indications  point  to  a  rise  in  the  level  of  the- 
coast,  at  as  high  a  rate  as  one  or  two  feet  per  century.  -  It  is 
only  from  tidal  observations  properly  reduced,  that  any  trust- 
worthy result  can  be  arrived  at;  and  if  the  change  is  as  rapid  as^ 
supposed,  it  will  not  require  an  interval  of  many  years  to  obtain- 
a  fair  approximation  to  its  amount. 

DATUM  PLANES   AT   VICTORIA. 

At  Victoria  and  Esquimau,  the  planes  of  reference  were  found 
to  be  in  great  confusion,  no  less  than  eight  datum  planes  existing, 
unrelated  to  each  other  as  a  rule,  and  the  records  regarding  them 
often  unobtainable  through  loss  of  note  books,  fire,  or  destruction- 
of  bench-marks.  Most  of  these  are  defined  by  some  reference  to- 
the  tide,  such  as  high  water.  Mean  Sea  level,  or  low  w.iter;  but 
the  tide  levels  assumed  do  not  correspond  with  each  ot'ier,  and 
they  are  thus  quite  indefinite  unless  fixed  by  a  bench-mark. 

To  correlate  these  for  tidal  purposes  and  to  re-determine  the 
chart  datum,  it  was  necessary  to  go  fully  into  the  history  of  the 
whole  matter,  and  also  to  run  special  levels  for  three  and  a  half 
miles,  to  connect  Esquimau  and  Victoria.  We  have  also  had  the 
opportunity  this  season    to  go  over  the  ground  personally,  to  ex- 
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amine  original  plans  and  notes  at  Victoria,  to  inspect  the  bench- 
marks, to  see  the  records  in  the  Public  Works  office  in  New 
Westminster,  and  to  discuss  matters  with  those  who  had  to  do 
with  them,  in  the  endeavour  to  bring  all  the  information  into 
correspondence.  We  will  give  the  results  as  concisely  as  pos- 
sible, but  it  will  make  the  matter  clearer  to  follow  the  chronolog- 
ical order.  For  all  practical  purposes,  anything  previous  to 
1880,  if  not  prehistoric,  may  be  regarded  as  ancient  history. 

There  are  several  bench-marks  in  Victoria  for  which  elevations 
are  known  with  reference  to  more  than  one  datum  ;  bpt  the  re- 
sulting difference,  instead  of  being  constant,  is  found  to  vary 
within  the  limits  of  an  inch  or  two.  When  a  relation  has  had 
to  be  determined  by  averaging  such  diCTerences,  this  will  be  ex- 
plained. But  there  are  four  of  the  datum  planes  which  can  now 
be  referred  to  an  individual  bench-mark,  and  these  four  are  the 
most  important  from  a  tidal  point  of  view.  All  the  planes  of 
reference  at  E«squimalt  have  also  been  connected  with  this  same 
bench-mark,  by  the  new  levels  run  this  season.  The  relations 
thus  obtained  are  more  trustworthy  than  if  derived  from  averages, 
and  will  therefore  be  given  the  preference. 

The  bench-mark  referred  to  is  at  the  north-east  corner  of 
Wharf  and  Fort  streets  in  Victoria;  and  is  thus  near  the  water 
front.  The  building  at  this  corner,  now  occupied  by  the  Hamilton 
Powder  Company's  offices,  has  a  sandstone  foundation  below  the 
brick  work;  and  the  top  course  of  this  foundation,  which  is  nearly 
on  a  level  with  the  sidewalk,  forms  the  door  sills  on  the  Wharf 
street  front  of  the  building.  The  point  used  as  a  bench-mark  is 
the  surface  of  the  sandstone,  below  the  brickwork,  at  the  corner, 
usually  termed  the  plinth,  or  else  the  southern  end  o!  the  first 
door  sill,  at  two  and  a  half  feet  from  the  corner.  The  level  of 
these  two  points  is  identical.  For  brevity,  we  may  term  this  the 
Standard  bench-mark. 

Hudson's  Bay  Co*s  Datum. — This  is  chiefly  of  importance  because 
used  as  the  basis  of  a  contoured  plan  of  Victoria,  made  by  Mr. 
G.  Hargreaves  in  1883.  In  making  this  plan,  bench-marks  were 
established  throughout  the  city,  but  the  level  notes  recording 
these  were  handed  over  to  the  city,  and  have  been  lost  for  many 
years.  There  are  a  few  points  on  masonry  building?  for  which 
elevations  with  reference  to  this  datum  are  marked  on  the  plan 
itself,  or  are  in  Mr.  Hargreaves*  private  notes. 

The  datum  is  defined  as  100  feet  below  an  assumed  elevation 
for  high  water.  This  is  in  itself  quite  indefinite:  but  in  making 
the  plan  Mr.  Hargreaves  checked  all  his  levels  back  to  the  Stan- 
dard bench-mark  already  described,  its  elevation  being  127.11  feet 
above  the  Hudson's    Bay    datum.     This  value   Is  marked   on  the 
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original  plan,  now  In  the  City  Hall,  and  it  serves  to  fix  the  datum 
in  elevation. 

City  Datum  far  VictoHo.— This  datum  was  established  by  Mr. 
E.  A.  Wilmot,  when  laying  out  a  sewerage  system  for  the  city 
in  1890  to  1892.  It  was  originally  known  as  the  City  Sewer  datum; 
and  it  was  adopted  by  the  City  Council,  about  1893.  as  the  city 
datum  for  Victoria,  Mr.  Wilmot  being  City  Engineer  from  1892 
to  1899.  Why  the  original  Hudson's  Bay  datum  was  not  adopted 
in  place  of  this  is  not  clear,  as  it  only  differs  a  few  Inches  from 
It.  Possibly  Mr.  Hargreaves'  notes  were  lost  before  this  date. 
His  contoured  plan  has  since  been  extended  with  reference  to  the 
City  datum,  and  In  the  list  of  bench-marks  at  the  City  Hall,  the 
entries  are  not  Infrequently  for  the  old  datum,  eopecially  in  some 
districts,  so  that  much  caution  is  required  In  making  use  of  the 
elevations  given. 

This  datum,  like  the  Hudson's  Bay  datum,  is  based  on  an 
assumed  elevation  of  100.00  feet  for  high  water;  but  the  levels 
assumed  for  high  water  were  determined  independently  and  do 
not  correspond.  How  the  high  water  level  was  obtained  in  this 
case,  we  will  have  occasion  to  explain  later  on.  The  datum  itself 
Is  fixed,  however,  with  reference  to  the  Standard  bench-mark,  at 
the  corner  of  Wharf  and  Fort  streets,  for  which  the  elevation  on 
this  datum  is  126.76.  This  figure  Is  taken  from  Mr.  Wllmot's 
original  level  notes,  and  it  is  so  entered  also  in  the  list  of  city 
bench-marks. 

There  are  a  few  other  city  bench-marks  for  which  elevations 
are  still  to  be  found  with  reference  to  the  Hudson's  Bay  datum. 
The  most  trustworthy  values  for  the  difference  between  the  two 
datum  planes  are  given  by  this  bench-mark  and  the  one  on  the 
City  Hall.  This  latter  is  at  the  side  entrance  to  the  City  Hall 
on  Pandora  street,  a  broad  arrow  cut  on  the  surface  of  the  lower 
stone  step  near  its  east  end,  this  step  being  slightly  above  the 
level  of  the  sidewalk.  Its  elevation  above  the  Hudson's  Bay 
datum  is  marked  on  the  contoured  plan  of  Victoria.  The  relative 
elevations  are  as  follows: — 

SUndard  City  Hall 

bench-  bench- 

mark, mark. 

Above  Hudson's  Bay  datum 127.11  153.65 

Above  City  datum 126.76  153.35 

The  difference  of  0.35  foot  Is  considered  by  the  engineering 
staff  at  the  City  Hall  to  be  the  most  accurate  that  can  be  arrived 
at,  and  this  value  is  the  same  as  the  difference  given  by  our 
Standard  bench-mark. 

Public  Works  Datum.— -This  is  a  Low  Water  datum  established 
by  Mr.  F.  C.  Gamble    while    Resident    Engineer    of    Public  Works, 
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and  used  as  the  plane  of  reference  for  soundings  In  the  harbour, 
and  also  for  the  tidal  observations  of  1893  to  18»7.  This  is  a  most 
important  datum,  as  it  has  become  the  basis  of  the  chart  of  the 
harbour,  and  has  afforded  indirectly  the  starting  point  for  the 
city  levels.  It  was  thought  to  be  most  definitely  fixed  with  refer- 
ence to  a  series  of  bench-marks  around  the  harbour  ;  but  un- 
fortunately all  record  of  the  elevation  of  thesa  was  lost  by  the 
destruction  of  the  Public  Works  documents  in  the  fire  at  New 
Westminster  in  September  1898.  The  most  persevering  efforts 
have  been  made  to  re-establish  this  datum,  especially  by  those 
interested  in  the  chart  depths,  the  grounding  of  vessels,  and 
dredging  operations,  but  these  efforts  have  been  without  definite 
results  until  a  clue  was  obtained  this  season. 

The  Public  Works  datum  was  originally  the  zero  of  a  standard 
tide  scale  set  by  Mr.  Gamble  to  coincide  with  2  feet  8  inches  on  a 
tide  gauge  on  the  Hudson's  Bay  Co's  wharf,  this  being  said  to  be 
the  lowest  level  of  low  water  which  had  been  noted.  The  zero 
on  this  standard  scale  was  taken  to  represent  low  water  mark  at 
spring  tides,  and  nine  feet  on  the  scale,  to  represent  high  water 
at  spring  tides.  When  the  continuous  tidal  observations  were 
begun,  the  limiting  values  afterwards  recorded  were  as  follows: 
Extreme  high  water,  10  feet  9  inches;  extreme  low  water,  at  8.30 
a.m.,  July  3rd,  1894,  18  inches  below  the  zero  of  the  scale;  making 
the  extreme  range  12  feet  3  inches.  The  scale  thus  proved  to  be 
well  set  in  its  height,  as  the  levels  of  ordinary  high  and  low 
water  fall  symmetrically  between  these  extreme  limits.  The  facts 
as  here  stated  are  taken  from  a  report  of  Mr.  Gamble  to  his 
department,  dated  August,  1894.  The  tidal  observations  were  con- 
tinued until  May,  1897,  when  the  Public  Works  ofllce  was  removed 
to  New  Westminster. 

The  only  connection  by  which  the  Public  Works  datum  can  now 
be  determined  is  due  to  Mr.  E.  A.  Wilmot.  It  was  made  incident- 
ally, when  he  was  establishing  the  City  Sewer  datum  for  Victoria 
in  January,  1891.  He  accepted  the  level  of  nine  feet  on  the  Public 
Works  standard  tide  scale  as  high  water  at  ordinary  spring  tides; 
and  he  took  this  as  elevation  100.00  feet  for  the  City  Sewer  datum. 
His  levels  make  direct  connection  from  the  tide  scale  which  was 
on  the  old  Customs  House  wharf,  to  the  bench-mark  at  the  corner 
of  Wharf  and  Fort  streets;  but  the  connection  depends  ultimately 
on  a  single  reading  on  the  water  surface.  The  resulting  elevation 
of  this  bench-mark  above  the  ze?b  of  the  Public  Works  tide  scale, 
is  35.76;  and  conversely,  the  elevation  of  its  zero  above  the  City 
datum  is  91.00.  The  above  explanations  and  figures  are  taken 
from  Mr.  WilmoVs  original  level  notes,  as  the  present  Engineering 
staff  at  the  City  Hall  was  unaware  of  the  relation  of  their  datum 
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to   tide   levels,   or   the   way  in   which   the   datum   was   originally 
established. 

The  value  of  this  connection  can  scarcely  be  overestimated,  as 
it  fixes  the  long  lost  Public  Works  datum,  and  the  Low  Water  tidal 
datum,  with  reference  to  every  reliable  city  bench-mark  in  Vic- 
toria. The  importance  of  this 'will  be  better  appreciated  when  the 
Chart  datum  is  next  considered.  This  connection  has  also  made 
the  City  datum  the  most  desirable  one  to  use  for  the  comparison 
of  the  relative  elevations  of  all  the  other  planes  of  reference. 

Chart  Datum, — The  Admiralty  chart  of  Victoria  harbour  is  made 
from  two  sources;  the  outer  harbour,  outside  the  line  Joining 
Work  Point  and  Shoal  Point,  is  from  a  aurvey  made  in  1895.  by 
Lieut  B.  M.  Chambers,  R.N.  This  is  stated  on  the  chart  of  March, 
1896;  but  there  is  no  reference  on  that  chart  to  the  Information 
on  which  the  inner  harbour  is  based,  nor  is  there  mention  of  any 
plane  of  reference  for  the  soundings. 

It  is  now  clear  that  the  inner  harbour  is  taken  from  the  surveys 
of  the  Public  Works  Department  Such  plans  in  that  department 
as  have  survived  the  fire  are  partial  and  fragmentary;  but  a  com- 
plete plan  of  the  harbour  was  known  to  have  been  made  in  1895,  by 
Mr.  P.  Summerfleld,  who  was  employed  by  Mr.  Gamble  to  do  so. 
A  copy  of  this  plan  was  eventually  found  in  a  surveyor's  office  in 
Victoria.  It  is  without  title  or  date,  but  was  identified  by  Mr.  C. 
Worsfold,  Assistant  Engineer  in  the  Public  Works  Department,  as 
undoubtedly  a  copy  of  Mr.  Summerfleld's  plan;  and  accordingly  it 
is  to  the  Public  Works  datum  that  the  complete  soundings  given 
upon  it  are  referred.  It  is  also  to  be  noted  that  this  plan  existed 
when  the  chart,  issued  in  1896,  was  compiled.  A  comparison  with 
the  Admiralty  chart,  made  by  Mr.  Worsfold  and  myself,  with  care 
to  avoid  places  where  dredging  has  since  been  done,  shows  that 
the  soundings  are  identical.  The  plane  of  reference  for  the 
soundings  in  the  inner  harbour,  as  given  on  the  Admiralty  chart, 
is  thus  proved  to  be  the  Public  Works  datum,  for  which  the  ele- 
vation is  now  known  through  Mr.  Wilmot's  levels,  as  already 
explained. 

Tidal  Survey  Datum. — This  is  the  Low  Water  datum  established 
for  the  recent  tidal  observations  at  Victoria.  When  these  observa- 
tions were  begun  in  1900,  by  Mr.  F.  N.  Denison,  of  the  Meteorolog- 
ical Service,  the  Public  Works  tide  scale  no  longer  existed,  and 
all  their  records  were  already  lost  in  the  fire  of  1898.  On  consul- 
tation with  Mr.  Gamble  and  Mr.  Worsfold,  a  plane  of  reference 
was  adopted,  to  correspond  as  nearly  as  might  be  with  the  former 
Public  Works  datum.  The  new  datum  plane  was  fixed  by  refer- 
ence to  a  new  bench-mark,  and  also  connected  with  the  Standard 
bench-mark  on  Wharf  street,    the  elevations  being  given   below. 


on  the  Pacific  Coast  of  Canada  63 

A  complete  year  of  the  new  tidal  observations  is  included  in  the 
basis  of  the  tide  tables,  the  record  being  obtained  in  1903  to  li»04, 
by  Mr.  E.  Baynes  Reed,  Superintendent  of  the  Meteorblogical 
office,  and  Mr.  Denison. 

Much  trouble  has  been  taken  to  ascertain  the  relation  of  this 
datum  to  the  chart  soundings.  With  this  object,  special  soundings 
were  taken  in  the  harbour  by  Captain  Walbran,  of  the  Marine 
Department,  for  comparison  with  the  tidal  record.  Simultaneous 
observations  of  the  water  level  at  Victoria  and  at  Esquimalt  were 
also  made,  in  the  hope  of  obtaining  a  connection  there.  But ,  the 
results  need  not  be  detailed,  as  these  methods  are  necessarily 
uncertain,  and  the  relation  has  now  been  ascertained  from  instru- 
mental levels. 

This  datum  is  in  use  for  the  dredging  operations  now  in  pro- 
gress, and  for  the  check  soundings  taken  by  Captain  J.  M. 
Newcomb,  who  is  in  charge.  The  depths  as  dredged  are  thus 
brought  into  correspondence  with  the  zero  level  of  the  tide-tables. 
This  datum  is  also  cited  by  Mr.  Thos.  C.  Sorby,  on  the  plan  of 
Victoria  harbour,  which  he  compiled  and  published  in  1904.  The 
following  bench-marks  serve  to  fix  this  datum: — 

Tidal  Survey  Bench-mark. — At  the  rear  of  the  old  Custom  House 
building  on  Wharf  street  at  the  foot  of  Broughton  street.  The  top 
of  a  brass  bolt  drilled  vertically  into  the  granite  rock,  at  16  feet 
from  the  north-west  corner  of  the  building,  with  the  letters  *'B. 
M."  cut  beside  it  on  the  sloping  surface  of  the  rock.  Elevation 
above  the  Tidal  Survey  datum,  or  zero  of  the  present  tide  scale, 
15.40  feet. 

Standard  Bench-mark.— -On  the  building  at  the  north-east  corner 
of  Wharf  and  Fort  streets,  now  occupied  by  the  Hamilton  Powder 
Co.'s  offices.  The  top  of  the  sandstone  foundation  below  the  brick- 
work, at  the  street  comer,  nearly  on  a  level  with  the  sidewalk. 
Elevation  above  the  Tidal  Survey  datum,  36.36  feet.  The  surface 
of  the  same  course  of  sandstone  forms  the  door  sills  along  the 
Wharf  street  front  of  the  building.  The  southern  end  of  the  door- 
sill  next  the  comer,  is  used  as  a  city  bench-mark.  Its  level  is 
identical  with  the  point  above  described. 

This  datum  is  thus  9.60  feet  below  the  level  for  high  water, 
which  was  taken  as  nine  feet  on  the  standard  tide  scale  placed  by 
the  Public  Works  Department,  and  which  was  made  100.00  feet  in 
establishing  the  City  datum.  The  Tidal  Survey  datum  is  thus  at 
elevation  90.40  feet  above  the  City  datum. 

Royal  Engineei'8*  Datvm  at  Victoria. — This  datum  is  defined  as 
Mean  Sea  level.  Its  relation  to  the  City  datum  has  been  obtained 
from  seven  of  the  bench-marks  established  in  Victoria  by  the 
Royal    Engineers,  for   which   elevations   were   determined   by   Mr. 
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Wilmot  In  his  sewerage  levels.  The  seven  differences  are  as  fol- 
lows:—3.88,  3.88,  3.77,  3.70,  3.74,  3.76,  and  3.75  feet.  The  result- 
ing mean  value  is  3.78  feet  below  elevation  100.00,  which  places 
the  Royal  Engineers'  datum  at  96.22  feet  above  the  City  datum. 
The  reason  for  the  considerable  variation  in  the  difference  is  not 
evident.  Mr.  Wilmot's  levels  are  always  carefully  checked,  no 
total  closing  error  of  more  than  0.03  being  found  in  his  notee; 
and  the  residual  error  would  be  half  of  this.  It  is  equally  difficult 
to  admit  the  error  to  be  actual,  in  bench-marks  established  by  the 
Royal  Engineers.  In  any  case,  the  resulting  mean  value  must  be 
very  close  to  the  truth. 

The  question  of  the  true  elevation  of  Mean  Sea  level,  we  will 
discuss  later,  in  the  light  of  other  determinations. 

DATUM    PLANES    AT  ESQUIMALT. 

Some  valuable  planes  of  reference  exist  at  Esquimau,  more 
especially  the  Low  Water  datum  for  the  tidal  observations  which 
the  Public  Works  Department  is  taking  there.  As  the  harbours 
of  Victoria  and  Esquimau  both  open  on  the  Strait  of  Fuca  at  a 
distance  of  only  three  miles  from  each  other,  the  tide  levels  at 
both  places  must  coincide  closely.  The  only  reason  apparent  for 
any  want  of  correspondence  in  the  data,  is  their  determination  in 
different  years.  To  correlate  the  Esquimau  data  with  Victoria, 
the  Tidal  Survey,  in  the  spring  of  1905,  arranged  with  Mr.  G. 
Hargreaves  to  connect  the  bench-marks  at  Victoria  by  instru- 
mental levels  with  the  Esquimau  dry  dock.  These  were  run  both 
ways,  and  checked. 

At  the  Dry  Dock,  there  are  two  scales  of  feet  cut  on  the 
masonry,  one  inside  and  the  other  outside  the  dock  gate.  These 
consist  of  Roman  numerals,  six  inches  high,  the  lower  edges  of 
the  numerals  being  the  even  feet  The  lowest  figure  is  V,  where 
the  arc  of  the  invert  meets  the  side  of  the  dock.  The  zero  of  both 
scales  is  at  the  level  of  the  invert  forming  the  dock  sill.  To 
verify  this,  check  measurements  have  been  taken  which  indicate 
that  there  cannot  be  more  than  quarter  of  an  inch  of  discrepancy 
between  the  scale  and  the  invert.  Strictly  speaking,  the  level 
herein  termed  the  dock  sill  is  the  elevation  of  the  zero  of  the 
inside  scale,  tjiken  from  the  figures  as  actually  cut. 

The  elevation  of  the  dock  sill,  referred  to  the  Victoria  City 
datum,  is  71.45  feet  as  found  by  the  instrumental  levels  of  this 
season  which  connect  Esquimau  with  Victoria,  and  which  have 
for  their  point  of  reference  the  Standard  bench-mark  on  Wharf 
street,  at  elevation  126.76.  These  levels  were  run  both  ways  over 
the  distance  of  three  and  a  half  miles,  with  a  closing  error  of  0.04 
fo^t;  the  mean  of  the  two  results  being  accepted. 
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I}ry  Dock  Datum, — Used  in  the  construction  of  the  Dry  Dock, 
from  1883  to  1886.  The  da^tum  is  defined  by  an  assumed  elevation 
of  50.00  feet  for  ordinary  high  water  at  Esquimau.  It  is  also 
stated  in  the  Engineer's  leyels  that  this  elevation  for  high  water 
is  the  same  as  26  feet  6  inches  above  the  sill  of  the  dock;  but  this 
may  be  only  approximate,  as  the  dry  dock  was  not  completed  when 
the  datum  was  established. 

This  datum  would  be  of  little  Interest  in  Itself,  and  might  not 
now  deserve  to  be  re-established,  were  it  not  that  Mean  Sea  level, 
which  forms  the  starting  point  of  the  Royal  ESngineers'  levels,  is 
determined  with  reference  to  It.  The  bench-mark  by  which  it 
was  originally  fixed  was  a  ring  bolt  on  the  Admiralty  pier;  but 
this  has  been  built  over,  and  is  now  lost.  This  ring  bolt  was  also 
the  initial  bench-mark  in  the  Royal  Engineers'  survey.  Fortun- 
ately a  record  of  its  elevation  with  reference  to  both  datum  planes 
exists  in  the  level  notes.  The  relation  between  the  two  is  thus 
accurately  known,  the  resulting  difference  being  47.665;  and  ac- 
cordingly this  is  the  elevation  of  the  Royal  Engineers'  datum 
above  the  Dock  datum. 

The  data  above  cited  were  given  by  Lieut  G.  C.  E.  Elliott,  R.B., 
in  reply  to  enquiries  from  Mr.  Baynes  Reed,  in  January,  1902,  before 
the  Royal  Engineers  left  the  country.  Lieut.  Elliott  recognizes 
the  difficulty,  however,  of  re-determining  the  original  Dock  datum. 

Royal  Engineers'  Datum,— Used  in  the  surveys  made  by  Lieut. 
Lang  in  1885  to  1889.  The  datum  is  defined  as  Mean  Se^  level, 
which  was  determined  with  reference  to  the  Dock  datum,  as  above 
explained,  and  fixed  with  reference  to  the  lost  bench-mark. 

To  correlate  this  datum  with  the  other  elevations,  instrumental 
levels  were  run'  by  the  writer  this  season  to  the  dry  dock,  from  the 
nearest  bench-mark  on  the  Esquimalt  road.  These  levels  were 
run  both  ways  with  a  closing  error  of  0.02  foot,  which  was  aver- 
aged out.  The  bench-mark  is  on  the  retaining  wall  built  on  the 
south  side  of  the  Esquimalt  road,  opposite  Signal  Hill,  a  broad 
arrow  cut  on  the  side  of  the  wall  facing  the  road,  at  46  feet  from 
its  eastern  end.  The  elevation  of  this  bench-mark,  as  stated  by 
Lieut.  Elliott,  is  37.24  feet  above  the  Royal  Engineers'  datum. 

We  are  thus  able  to  give  two  values  for  the  Royal  ESngineers' 
d^tum  with  reference  to  the  dock  sill: — 

By  new  levels;  bench-mark  above  dock  sill 61.51 

Elevation  of  bench-mark  on  R.  E.  datum 37.24 


R.  E.  datum  above  Dock  sill 24.27 
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Assumed  level  of  high  water  above  dock  sill,  taken  as 

elevation  50.00  on  Dock  datum 26.50 

R.  B.  datum  below  assumed  high  water,  or  60.000  less 

47.665 2.33 

R.  E.  datum  above  Dock  sill 24.17 


The  value  derived  from  the  bench-mark  is  preferable »  and  by 
its  adoption,  the  elevation  50.00  on  the  Dock  datum,  is  found  to 
be  actually  26.60  feet  above  the  dock  sill,  instead  of  26  feet  6 
inches  as  supposed;  but  this  discrepancy  is  not  unlikely  in  the 
circumstances  already  explained. 

As  a  final  result,  we  find  the  elevation  of  the  Royal  Engineers' 
datum  at  Esquimalt,  to  be  95.72  feet  above  the  Victoria  City 
datum.  The  difference  between  this  value  and  the  elevation  of 
their  datum  in  Victoria  itself,  we  will  refer  to  later  on. 

Public  Works  Datum. — ^This  is  a  Low  Water  datum,  used  as  the 
zero ,  level  for  the  tidal  observations  taken  at  Esquimau  since 
1897,  and  still  continued  there.  It  was  determined  by  Mr.  G.  A. 
Keefer,  the  present  Resident  Engineer  of  Public  Works,  by  taking 
the  mean  level  of  the  lowest  low  water  recorded  in  each  month, 
throughout  the  year.  It  is  fixed  with  reference  to  the  sill  of  the 
dry  dock,  at  19  feet  6  inches  above  it,  on  the  inside  masonry  scale. 
The  elevation  of  this  datum  is  accordingly  90.95  feet  above  the 
Victoria  City  datum. 

The  usual  method  by  which  the  Admiralty  determine  their 
datum  where  there  is  a  pronounced  inequality  in  the  tide,  is  to 
take  the  mean  low  water  level  at  each  spring  tide,  or  every  fort- 
night throughout  the  year.  The  method  adopted  by  Mr.  Keefer 
should  therefore  give  a  plane  of  reference  which  is  lower  thsm. 
the  Admiralty  standard,  by  the  semi-monthly  inequality  in  the 
height  of  low  water.  The  difference  given  by  these  two  methoda 
is  0.44  of  a  foot,  as  found  from  two  years  of  continuous  tidal 
record  in  1895  to  1897,  at  Victoria. 

Above 
Summary  of  Tide  Levels  at  Victoria  and  Esquimalt.     ^*^^"* 

Datum . 
Feet. 
Bench-mark,  corner  of  Wharf  and  Fort  streets;  as  already 

described ;.    .^ 126.76 

Tidal  Survey  Bench-mark;  a  brass  bolt  in  the  rock  in  rear 
of  the  old  Custom  House  building,  foot  of  Broughton 
street ..     105.80 
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Extreme  High  Water,  during  three  years  observation,  in 

1895  to  1897,  and  1903  to  1904.    Occurred,  1896,  Jan.  26..    102.20 

High  Water  at  Spring  tides;  average  level  of  the  two 
highest  high  waters  in  each  month,  during  two  com- 
plete years  in  1895  to  1897 100.19 

Ordinary  High  Water;  taken  as  nine  feet  on  Public  Works 
scale,  and  adopted  as  elevation  100.00  in  establishing 
City  datum 100.00 

Mean  Sea  Level;  from  hourly  ordlnates  during  two  com- 
plete years,  from  April,  1896  to  April,  1897.  Above  zero 
of  tide  scale  or  Public  Works  datum  in  the  two  years, 
5.728  and  5.776  feet.    Mean  elevation  resulting 96.76 

Mean  Sea  Level;  from  hourly  ordinates  during  one  com- 
plete year,  from  March,  1903,  to  March,  1904.  Above 
Tidal  Survey  datum  6.143  feet.    Elevation 96.54 

Harmonic  Tide  Plane;  as  determined  in  1895  to  1897.  At  a 
distance  below  Mean  Sea  level  given  by  the  sum  of 
harmonic  constants  M  2 +S a +K J +0 91.89 

Low  Water  at  Spring  tides;  average  level  of  the  two 
lowest  low  waters  in  each  month,  during  two  complete 
years  in  1896  to  1897 91.15 

Average  level  of  the  lowest '"low  water  In  each  month  dur- 
ing the  two  years  in  1895  to  1897 90.71 

Public    Works    datum;    the   zero    of    their    tide    scale    at 

Victoria,  in  1893  to  1897 91.00 

Datum  of  the  Public  Works  tidal  observations  at  Esqui- 
mau; 19  feet  6  inches  above  masonry  sill  of  dry  dock...      90.95 

Tidal  Survey  datum;  the  zero  for  the  heights  in  the  Tide 

Tables 90.40 

Extreme  Low  Water,   during  three  years  observations,  in 

1895  to  1897,  and  1903  to  1904.    Occurred,  1895,  June  24..      89.46 

Sill  of  masonry  Dry  Dock  at  Esquimau 71.46 

Mean  Sea  Level  Determinations, — Some  explanation  of  these  is 
required,  especially  as  there  is  an  apparent  want  of  correspondence 
between  the  Royal  Ehigineers*  datum  and  Mean  Sea  level.  The 
various  determinations  are  now  correlated  by  the  instrumental 
levelling  referred  to;  and  this  also  enables  the  results  of  the  har^ 
monic  analyses  of  the  records  from  registering  tide  gauges,  to  be 
compared  on  the  same  basis.  In  this  analysis  Mean  Sea  level  is 
the  average  value  found  from  the  summation  of  the  8760  hourly 
tidal  ordinates  throughout  the  year;  and  on  this  principle,  the 
most  accurate  result  possible  is  obtained.  The  determinations 
reduced  to  the  City  datum  in  Victoria,  are  as  follows:— 


68  Dawson  07i   Tide  Levels  and  Datum  Planes 

At  Victoria;  tidal  observations  by  Public  Works  Depart- 
ment; two  complete  years  from  April,  1895,  to  April, 
1897.  Mean  Sea  level  above  Public  Works  datum, 
from  hourly  ordinates  in  each  year  ;  5.728  and  5.776 
feet.    Average  elevation  resulting 96.75 

At  Victoria;  Tidal  Survey  observations;  one  complete  year 
from  March,  1903,  to  March,  1904.  Mean  Sea  level 
above  Tidal  Survey  datum,  from  hourly  ordinates, 
6.143  feet.    Elevation  resulting 96.54 

At  Victoria;    Royal   Engineers'   datum   at  3.78  feet   below 

100.00  on  the  City  datum 96.22 

At  Esquimau  ;  Royal  Engineers'  datum,  in  surveys  of  1885 
to  1889  ;  37.24  feet  below  bench-mark  on  Esquimau 
Road 95.72 

At  first  sight  it  might  be  considered  a  better  method  of  pro- 
cedure to  assume  Mean  Sea  level  to  have  the  same  absolute 
elevation  in  every  case,  and  to  take  the  coincident  value  as  a 
basis  of  comparison  for  the  various  datum  planes.  But  this  as- 
sumption when  carried  out,  is  found  to  imply  a  two-fold  error  in 
the  levels  of  two  different  Engineers;  namely,  a  minus  error  of 
0.60  foot  in  Mr.  Hargreaves',  and  at  the  same  time  a  plus  error  of 
0.53  foot  in  Mr.  Wilmot's.  These  errors  do  not  attach  to  any 
assumed  values  for  high  water,  or  such  like,  but  to  actual  instru- 
mental work;  and  they  are  therefore  quite  inadmissible. 

Some  small  part  of  the  difference  may  be  due  to  actual  varia- 
tion in  the  annual  value  of  Mean  Sea  level,  for  which  we  give 
data  further  on.  But  the  true  explanation  of  so  large  a  difference 
is  to  be  found  iln  the  type  of  the  tide,  or  the  form  of  the  tide 
curve,  at  Victoria  and  Esquimau,  to  which  we  have  already 
alluded.  Towards  high  water,  the  tide  curve  is  very  flat,  and  the 
long  stand  of  the  half-tides  is  at  a  high  level;  while  the  low  water 
falls  sharply  and  is  of  short  duration.  With  such  a  tide,  if  Mean 
Sea  level  is  taken  as  the  half  height  or  mid-range,  it  is  plain 
that  this  may  be  very  different  from  the  mean  level  derived  from 
its  height  at  every  hour  throughout  the  year.  This  latter  method 
undoubtedly  gives  the  true  mean  level  of  the  sea  ;  as  this  integra- 
tion of  the  tide  curve  furnishes  the  height  of  the  horizontal  line 
which  bisects  its  area.  This  shows  also  the  superior  character  of 
the  tidal  record  obtained  from  a  self-registering  tide  gauge. 

The  amount  by  which  the  values  for  Mean  Sea  level  differ,  when 
obtained  by  the  two  methods  indicated,  we  can  illustrate  from  the 
tidal  observations  at  Victoria.  The  result  is  entirely  independent 
of  instrumental  levelling  and  also  of  any  absolute  elevation,  as  It 
can  be  referred  to  an  individual  tide  scale.  The  comparative  re- 
sults are  as  follows: — 
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From  Public  Works  obseryations  at  Victoria; 
ill  1895  to  1897.  Scale      Reduced 

Reading.  Elevation. 
High  Water  Spring  Tides.    Average  level  of  the 

two  highest  tides  in  esu^h  month  during  two 

years;    April,  1895,  to  April,  1897... 9.19        100.19 

Low  Water  Spring  Tides.  Average  level  of  the 
two  lowest  tides  in  each  month;  during  same 
period 0.15         91.15 

Half  height,  or  mid-range 4.6T  95.67 

Mean  Sea  Level  from  hourly  ordinates  during 
the  same  two  years,  1895  to  1897;  above  zero 
of  scale 5.75  96.75 


It  thus  appears  that  the  level  obtained  for  the  half  height  of 
the  tide  may  be  a  foot  lower  than  when  derived  from  hourly  ordi- 
nates. The  relatively  low  elevation  of  the  Royal  Engineers' 
datum,  if  determined  in  this  way,  would  thus  be  fully  accounted 
for,  as  the  elevation  which  we  find  by  this  method  is  lower  than 
their  datum  at  either  Victoria  or  Esquimalt.  The  difference  of 
half  a  foot  in  the  elevation  of  their  datum  at  the  two  places,  we 
have  no  means  of  explaining  unless  possibly  these  determination:! 
were  independently  made. 

As  to  the  amount  of  actual  or  physical  variation  in  the  height 
of  Mean  Sea  level  in  the  Pacific,  the  values  already  given  show  a 
difference  at  Victoria  of  0.21  of  a  foot  between  the  years  1896  and 
1903.  Determinations  have  also  been  made  during  a  series  of 
years  by  the  United  States  Coast  Survey  in  California  and  Puge: 
Sound,  as  well  as  during  five  years  in  the  Strait  of  Georgia  by  this 
Survey.  The  greatest  variation  in  level  between  any  two  years 
In  the  period  of  the  observations  is  from  0.30  to  0.34  of  a  foot,  in 
these  localities.  The  variation  may  thus  be  considerable  when 
special  years  are  selected;  but  even  then,  it  is  much  less  than  the 
large  difference  we  have  here  to  account  for. 

Where  the  tii'e  Is  of  so  unusual  a  type.  It  is  the  more  im- 
portant that  the  best  method  for  the  determination  of  Mean  Sea 
level  should  be  clearly  understood;  because  it  is  only  with  refer- 
ence to  this  level  that  any  variation  in  the  land  elevation  can  be 
detected.  The  evidence  on  this  question  points  to  a  rise  of  the 
land,  and  some  approximation  to  the  rate  of  rise  per  cehtury  it 
wculd  evidently  be  valuable  to  ascertain.  A  basis  for  this  is  now 
established  by  the  reliable  values  obtained  for  Mean  Sea  level, 
with  reference  to  bench-marks. 
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DATUM  PLANES  AT  YANCOUTEB. 

The  datum  planes  at  Vancouver  are  all  in  harmony  with  each 
other,  and  when  they  do  not  coincide,  the  difference  between 
them  is  known.  This  fortunate  result  is  due  to  Mr.  H.  J.  Cambie, 
the  first  Resident  Engineer  of  the  Canadian  Pacific  Railway  since 
its  completion..  The  various  datum  planes  are  all  referred  to  the 
same  bench-mark  on  the  C.P.R.   station  building. 

C  P.  R,  Bench-mark, — On  the  north  front  of  the  Vancouver 
station  building,  near  its  east  end,  on  the  granite  sill  of  the  most 
easterly  door  opening  on  the  train  platform.  A  broad  arrow  cut 
on  the  surface  of  the  sill  at  its  east  end  and  marked  "B.M."  on  the 
plinth  above.    Elevation  above  the  G.  P.  R.  datum,  108.35  feet 

C.  P.  R.  Datum,— Defined  as  100.00  feet  below  ordinary  high 
water   and  fixed  with  reference  to  the  above  bench-mark. 

Vancouver  City  Datum, — On  this  datum,  elevation  100.00  is  sup- 
posed to  be  extreme  high  water;  but  the  level  adopted  is  higher 
than  the  highest  tide  ever  recorded.  The  datum  is  fixed  with 
reference  to  the  bench-mark  already  described,  its  elevation  above 
the  City  datum  being  107.10  feet.  The  City  datum  is  thus  1.25  feet 
above  the  C.  P.  R.  datum. 

Chart  Datum. — The  Low  Water  datum  for  the  reduction  of  the 
soundings  was  established  by  Mr.  W.  J.  Stewart,  of  the  Marine 
Department,  when  making  the  survey  of  Vancouver  harbour  in  1891. 
It  was  originally  fixed  with  reference  to  a  broad  arrow  cut  on  one 
of  the  iron  piles  supporting  the  C.P.R.  wharf.  The  datum  was 
afterwards  referred  to  the  bench-mark  on  the  station  building,  it 
being  stated  in  a  note  on  the  present  chart  of  the  harbour  that  the 
soundings  are  reduced  to  a  level  of  23  feet  7  inches  below  that 
bench-mark. 

Above 

TIDE    LEVELS    AT    VANCOUVER.  C.P.R. 

datum. 
Feet. 

Bench-mark  on  Canadian  Pacific  Railway  Station  building, 

as  already  described 108.35 

Surface  of  railway  wharves.    Approximate  mean  level..    ..      106.00 

Extreme  High  Water  of  December,  1887,  which  reached  the 

grate  !3ars  of  the  Hastings  saw  mill 100.70 

High  Water  level,  adopted  as  elevation  100.00  in  estab- 
lishing the  C.  P.  R.  datum 100. Oa 

Highest  High  Water  recorded  by  the  tidal  gauge  during 
the  six  months  in  June  to  December,  1901.  and  during 
the  year  from  March,  1902,  to  March,  1903,  Occurred, 
1901.  December  26 99.75 


on  the  Pacific  Coast  of  Canada  71 

Chart  datum,  to  which  the  soundings  in  Vancouver  harbour 
are  reduced.  At  23  feet  7  inches  below  the  C.  P.  R. 
bench-mark 84.77 

Lowest  Low  Water  recorded  by  the  tidal  gauge  during 
the    eighteen    months    already    indicated.       Occurred, 

1901,  December  27 83.75 

Zero  of  the  tide  scale,  in  the  observations  of  1901  to  1908..      82.30 

BENCH-lfABKS   AT   OTHEB   TIDAL    STATIONS. 

Tidal  Stations  equipped  with  registering  gauges  have  been 
established  recently,  as  a  basis  for  the  whole  coast  of  British 
Columbia.  At  those  of  the  greatest  strategic  importance,  bench- 
marks have  been  put  in,  'and  the  instrumental  levelling  done 
personally  by  the  writer.  The  tidal  record  secured  will  soon 
enable  the  more  important  tide  levels  to  be  deduced  from  the 
observations.  The  tide  scales  used  are  of  enamelled  iron,  which 
is  very  durable  and  readily  cleaned. 

Vwt  Simpson,  B.C.— The  bench-mark  to  which  the  tide  levels 
are  referred,  is  a  brass  bolt  with  a  round  head,  drilled  into  th& 
rock,  in  the  rocky  foreshore  which  extends  northward  from  the 
Hotel  Northern.  This  rocky  part  of  the  foreshore  is  dry  at  half 
tide.  The  bolt  is  to  the  west  of  the  wharf,  at  174  feet  from  the 
angle  between  the  side  of  the  wharf  and  the  hotel  platform. 

The  elevation  of  100.00  feet  was  assumed  for  the  reference 
point  first  used,  which  was  cut  on  the  rock  in  another  position. 
In  the  summer  of  1906,  the  final  bench-mark  was  put  in,  and  the 
levels  completed. 

The  tide  levels  are  from  the  registering  gauge  which  has  been 
in  operation  since  November,  1902. 

Feet, 

Cap  of  wharf,  beside  the  tide  gauge 109.10 

Extreme  High  Water,  during  seven  months,  from  Decem- 
ber,   1902,    to   June,    1903,    inclusive.  *   Oocurred,    1902, 

December  16th 104.90 

High  Water  at  Spring  tides.  Average  level  of  the  highest 
High    Water   at    each    Spring    tide    during   the    above 

period 103. 2G 

Bench-mark.    Top  of  brass  bolt  as  described 98.91 

Low  Water  at  Spring  tides.  Average  level  of  the  lowest 
Low    Water    at    each    Spring    tide    during   the    above 

period 83.28 

Extreme   Low  Water   during  the  above  period.    Occurred, 

1902,  December  15th 81.50 

Zero  of  the  Tide  Scale,  from  the  beginning 80.89 
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The  period  of  tidal  observations  above  indicated,  includes  the 
seasons  at  which  the  tides  usually  have  their  extreme  range  in  the 
course  of  the  year.  The  extreme  levels  are  in  all  probability  the 
limiting  values  for  the  year. 

Wa<i*om«,  Ri\>er9  ItUet,  B.C.— The  bench-mark  is  a  broad  arrow 
cut  on  the  rock  at  the  south  side  of  the  bay  In  which  Wadham's 
cannery  is  situated.  It  Is  55  feet  from  the  point  at  which  the 
rock  begins,  which  rises  to  the  southward  into  clilTs.  Its  level  Is 
reached  by  unusually  high  tides. 

A  registering  gauge  was  placed  here,  and  observations  begun 
in  July,  1905.  /^ec«. 

Surface  of  Wharf,  beside  the  tide  gauge 103.21 

Extreme   High   Water.    Elevation   which  the   highest  tides 

are  said  to  reach 101.60 

Bench-mark  on  rock,   as  described 100.00 

Extreme  Low  Water.    It  is  probable  that  the  tide  never 

falls  below  elevation 83.00 

Zero  of  Tide  Scale 81.59 

Hardy  Bay,  Vancouver  Island.— This  bay  is  situated  in  Queen 
Charlotte  Sound.  The  bench-mark  is  a  copper  bolt,  1%  inches 
diameter,  drilled  into  the  rock  on  the  north  side  of  the  Govern- 
ment wharf.  It  is  58  feet  from  the  first  pile  bent  of  the  wharf  at 
the  shore  end,  and  8  feet  from  the  side  of  the  wharf.  It  is  about 
2  feet  below  extreme  high  water. 

The  elevation  assumed  for  the  top  of  this  bolt  is  100.00  feet, 
and  the  zero  of  the  tide  scale  is  at  elevation  78.37. 

A  registering  tide  gauge  was  placed  here,  and  observations 
begun  in  July,  1905. 

Banfield,  Barkley  Sound. — This  is  the  Pacific  cable  station,  at  four 
miles  from  Cape  Beale,  on  the  west  coast  of  Vancouver  Island. 
Tidal  observations  were  secured  here,  from  February,  1903,  to 
June,  1904,  with  the  exception  of  one  month. 

The  tide  scale  used  was  attached  to  the  wharf  that  Is  imme- 
diately below  the  cable  offices,  and  in  August,  1905,  the  elevation 
of  the  zero  of  the  scale  was  fixed  with  reference  to  a  bench-Qnark, 
consisting  of  a  brass  bolt  drilled  Into  the  rock  opposite  the 
south-east  corner  of  the  wharf,  about  the  level  of  high  water, 

FeeL 

Bench-mark.    Top  of  brass  bolt,  as  described 100.00 

Low  Water  datum  to  which  the  tidal  observations  are  re- 
duced; at  one  foot  on  the  tide  scale ,      89.40 

25ero  of  tide  scale,  during  the  period  of  the  observations; 

allowing  one  Inch  for  settlement  of  wharf  since  then..  88.40 
Zero  of  tide  scale  as  found  In  August,  1905 88 .  33 
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Clayoquot,  Vancouver  Islatid.—The  registering  tide  gauge,  placed 
here  in  August,  1905,  Is  at  a  small  wharf,  extended  to  deep  water 
for  the  purpose,  situated  near  the  telegraph  office  at  the  so-called 
Town  site  on  Low  Peninsula  opposite  Stubhs  Island,  in  the  mouth 
of  Clayoquot  Sound. 

The  bench-mark  is  a  brass  bolt  drilled  into  dlorite  rock,  at  23) 
feet  from  the  shore  end  of  the  wharf,  on  its  east  side.  It  is  about 
the  level  of  high  water. 

The  elevation  assumed  for  the  top  of  this  bolt  is  100.00  feet, 
and  the  zero  of  the  tide  scale  is  at  elevation  85.01.  The  surface  of 
the  planking  of  the  wharf  is  approximately  at  elevation  107.00. 

PUBLIC   WOBKS   DATUM,   ON    THE  FBASER  RIVER. 

The  Department  of  Public  Works  has  had  three  registering 
gauges  on  the  tidal  portion  of  the  Fraser  River  since  1895.  These 
are  situated  at  New  Westminster,  at  Garry  Point  at  the  mouth 
of  the  river,  and  at  Sand  Heads  on  the  edge  of  the  extensive  shoal 
which  has  formed  off  the  mouth  of  the  river,  in  the  Strait  of 
Georgia. 

The  zero  level  for  the  tidal  observations  at  Sand  Heads  was 
established  by  Mr.  F.  C.  Gamble,  as  the  average  of  the  lower 
low  waters.  The  record  since  obtained  shows  that  extreme  low 
water  falls  some  ten  inches,  or  a  foot,  below  it. 

The  same  Low  Water  datum  is  used  for  the  other  tide  stations 
at  Garry  Point  and  New  Westminster.  Its  level  has  recently  been 
carried  to  the  new  Post  Office  building  by  the  present  Resident 
Engineer  of  Public  Works,  Mr.  G.  A.  Keefer,  who  has  cut  a  bench 
mark  on  this  building  to  record  it  permanently.  The  elevations 
with  reference  to  the  datum  are  as  follows  : —  /;»ecf. 

Bench-mark  on  the  Post  Office  building,  New  Westminster..  52.34 
Mean  Sea  Level.— Deduced  from  the  hourly  ordinates  of  the 
tide  during  five  years  of  observations,  as  follows: — 
During  one  year,  May  1,  1895.  to  May  31,  1896..    ..  8.458 
"      Oct.   1,  1896,  to  Oct.   29,   1897..    ..  8.416 

'       Nov.    1,   1898,   to   Nov.    15,   1899...  8.474 

•      Nov.   15,  1899,  to  Nov.   24,   1900...  8.5R1 

Jan.   16,   1901,   to  Jan.   27,   1902...  8.425 


Mean  value  for  the  five  years 8.467    8.47 

Tx)w  Water  datum.    The  average  of  the  lower  Low  Waters 

used  as  the  zero  level  of  the  tide  gauges 0.00 

ADMIRALTY  BENCH-MARKS. 

The  Admiralty  surveying  steamer  Egeria  has  been  engaged  in 
hydrographic  surveys  for  some  years  In  British  Columbia  waters. 
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and  its  various  commanders  have  established  bench-marks  or 
other  reterence  points  to  tix  the  Low  Water  datum  to  which  the 
chart  soundings  are  reduced. 

Some  of  these  are  points  of  natural  rock  at  about  haif-tide 
level,  which  may  answer  to  define  a  Low  Water  datum  for  sound- 
ings that  are  only  taken  to  the  nearest  foot;  but  a  rock  within  the 
range  of  the  tide,  overgrown  with  sea-weed  and  barnacles  in  these 
prolific  waters,  is  scarcely  suitable  as  a  bench-mark  for  definite 
tide  levels.  It  is  unfortunate  when  such  a  rock  is  the  only  refer- 
ence mark  for  levels,  in  a  water  area  around  which  new  towns  are 
springing  up,  and  where  harbour  Improvements  and  drainage 
works  may  soon  be  required. 

We  give  a  description  of  these  reference  marks  in  the  more 
important  localities,  or  where  a  continuous  tidal  record  of  suffi- 
cient length  has  been  secured  to  furnish  a  basis  for  satisfactory 
tide  levels.  The  record  must  evidently  be  continuous,  day  and 
night,  to  be  of  use  when  diurnal  inequality  is  the  leading  feature 
of  the  tide.  Some  of  the  descriptions  which  are  given,  are  from 
personal  inspection. 

Comox. — The  chart  survey  was  made  by  Commander  M.  H. 
Smyth,  R.N.,  in  1898;  and  the  bench-mark  at  Comox  serves  to 
define  the  d^tum  for  the  whole  extent  of  Baynes  Sound.  It  is  of 
the  more  importance  as  tidal  observations  were  secured  at  Union 
Wharf  in  this  sound,  for  fifteen  months  in  all,  during  the  years 
1898  to  1900.  By  comparison  with  these,  this  datum  has  been  car- 
ried northward  to  Mitlenatch  Island  and  to  Quathiaski  Cove  neitr 
Seymour  Narrows.  The  observations  were  taken  with  a  register- 
ing tide  gauge,  and  the  record  has  been  handed  over  to  this  Survey 
through  the  courtesy  of  the  Admiralty.  The  tide  levels  thus 
secured  will  serve  for  the  mining  town  of  Union  when  the  results 
are  worked  out. 

The  note  on  the  general  chart  of  Baynes  Sound  is  es  follows:  — 
"The  soundings  are  reduced  to  23.9  feet  below  the  level  of  the  slab 
at  Goose  Spit  Magnetic  Observation  Spot."  This  spot  is  marked 
by  a  triangle  on  the  charts  of  Baynes  Sound  and  Comox.  We  can 
give  a  description  of  it  from  personal  inspection,  which  will 
enable  it  to  be  found  and  identified. 

The  Magnetic  Observation  spot  is  on  the  north-west  shore  of 
Goose  Spit,  in  the  second  bay  west  of  the  Admiralty  builaing  and 
wharf.  It  is  between  the  last  two  rlfie  butts  towards  th3  south- 
west end  of  the  Spit,  and  ten  feet  back  from  the  edge  of  a  low 
bank  running  along  the  beach.  It  consists  of  a  cement  slab,  about 
16  inches  square,  in  the  sandy  ground,  level  with  the  surface.  It 
is  marked  "Mag.  Obsy.  Egerla.  1898,"  In  letters  of  lead  let  into  the 
cement.    Its  level  is  about  ten  feet  above  high  water  mark. 
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There  is  another  observation  spot  for  latitude  and  longitude, 
which  is  farther  to  the  south-west  and  farther  back  from  the 
shore.  It  is  a  similar  slab  of  cement;  but  it  is  a  few  inches  above 
the  ground,  and  differently  marked,  and  cannot  be  mistaken  for 
this  one. 

Nanaimo. — The  chart  survey  was  made  by  Commander  Smyth 
in  1899.  The  note  on  the  chart  regarding  datum,  is  as  follows: — 
"The  datum  to  "^hlch  the  soundings  are  reduced  is  18.6  feet  below 
the  summit  of  the  masonry  beacon  on  Beacon  Rock,  which  cor- 
responds to  10  feet  below  a  mark  (10)  cut  in  the  perpendicular 
rock  surface  close  to  the  small  landing  stage  on  the  north  side  of 
the  peninsula  fronting  the  town,  and  adjoining  the  Ballast  Wharf." 

The  beacon  referred  to  is  a  truncated  cone  of  concrete  and 
iron,  and  its  surface  is  rough  and  somewhat  rounded.  The  mark 
on  the  rock  would  give  a  more  definite  elevation,  but  after  careful 
search  it  could  not  be  found,  owing  to  the  vagueness  of  the  descrip- 
tion. The  mark  is  within  the  range  of  the  tide,  and  the  rocks  are 
grown  over  with  barnacles. 

Telegraph  Harbour.— This  harbour  is  on  Kuper  Island,  on  the  same 
body  of  water  as  the  new  towns  of  Lady  smith  and  Chemainus; 
the  three  places  being  within  seven  miles  and  within  sight  of  each 
other  from  the  water.  The  Chart  datum  is  referred  to  a  natural 
rock,  and  to  a  bench-mark,  serving  as  reference  for  levels  in  these 
towns.  The  rock  is  thus  described  by  Captain  J.  F.  Parry,  R.N.,  the 
present  commander  of  H.  M.  S.  Eg€ria:—'*The  datum  for  the 
reduction  of  soundings  is  Low  Water  Ordinary  Springs,  which 
corresponds  to  7  feet  2  Inches  below  the  top  of  the  most  westerly 
of  a  group  of  rocks  lying  Just  outside  the  low  water  line, 
immediately  abreast  of  the  Indian  Industrial  School." 

This  harbour  serves  as  a  port  of  reference  for  a  number  of  other 
places  amongst  the  Gulf  Islands  in  the  Strait  of  Georgia.  Con- 
tinuous tidal  observations  have  been  secured  here  by  Captain 
Parry,  in  1904,  from  April  11th  to  November  28th,  a  duplicate 
being  kindly  supplied  to  this  Survey. 

Bench-marks  to  define  the  Low  Water  datum  of  the  charts 
have  also  been  established  by  the  officers  of  the  Egcria,  at  Blunden 
Harbour  in  Queen  Charlotte  Sound,  Percy  Anchorage  in  Dodd 
Narrows,  and  Miners  Bay  in  Active  Pass.  There  is  little  or  no 
population  at  these  places  as  yet,  and  not  more  than  three 
months  of  tidal  record  has  been  secured  at  any  of  them;  and  it 
is  only  at  Blunden  Harbour  that  the  record  is  continuous,  day  and 
night.  On  the  Pacific  coast,  serviceable  tide  levels  cannot  well  be 
secured  in  less  than  six  months.  A  shorter  period  does  not 
afford   a  reliable  average,  owing  to  the  large   variation   in   range 
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with  the  sun's  declination   during  the  year,    the  extreme   values 
occurring  at  the  solstices. 

The  Low  Water  datum  is  referred  to  tide  rocks  at  the  following 
places  on  the  eastern  side  of  Vancouver  Island:—  Southgate 
Anchorage  in  Queen  Charlotte  Sound,  Nanoose  Harbour,  Hammond 
Bay,  and  Departure  Bay  which  is  only  three  miles  from  Nanaimo. 
The  tidal  observations  at  these  places  were  not  continued  more 
than  six  weeks,  and  were  in  the  day  time  only. 

There  are  several  other  places  at  which  broad  arrows  have  been 
cut  or  tide  rocks  made  use  of  by  the  Admiralty.  They  appear 
usually  to  have  served  for  reference  during  the  reduction  of  sound- 
ings, without  being  accompanied  by  a  tidal  record  of  any  great 
length. 


ERRATA. — In  "Tide  Levels  and  Datum  Planes  in  Eastern 
Canada,"  Vol.  XVII,  page  98. 

In  second  paragraph,  fourth  line  ;  for  "  56.06  feet  below  the 
bench-mark  "  read  '*  55.60." 

Under  Tidal  Levels  at  St.  John,  N.B.,  second  line  ;  for  "  Gnomon 
or  zero-point  of  sight  gauge 97.94"  rtoA  "79.94." 
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MECHANICAL  CANAL  LOCKS  IN  CANADA. 
By  Waltek  J.  Francis,  C.  E.  (Toronto  Univ.),  M.  Can.  Soc.  C.  E. 

Introductory. 

Built  for  the  Canadian  Government,  by  Canadian  contractors^ 
under  the  direction  of  Canadian  engineers,  the  hydraulic  locks  on 
the  Trent  Canal  may  properly  bear  the  label,  "  Made  In  Canada." 
In  view  of  the  fact  that  the  German  Government  has  recently  com- 
pleted a  high  canal  lift  at  Heinrichenburg,  and  that  the  United 
States  Government  has  made  a  careful  study  of  the  problem  of 
mechanical  lifts  in  connection  with  the  reconstruction  of  the  Erie 
Canal,  a  detailed  description  of  the  Canadian  hydraulic  locks  may 
be  considered  appropriate  at  the  present  time. 

The  larger  of  the  two  Canadian  locks  is  situated  on  the  Trent 
Canal,  within  the  limits  of  the  corporation  of  the  city  of  Peter- 
borough, and  has  been  in  operation  for  the  past  two  seasons.  The 
other  lock,  near  the  village  of  Kirkfield,  is  practically  completed  in 
a  stretch  of  canal  joining  Balsam  Lake  and  Lake  Simcoe. 

The  hydraulic  lock  is  theoretically  an  automatic  machine,  and 
is  designed  to  take  the  place  of  ordinary  locks  where  a  great  differ- 
ence of  level  is  found  in  a  short  distance.  Besides  the  Peter- 
borough lock,  there  are  three  other  locks  of  this  type  in  operation, 
one  being  in  England,  another  in  Belgium,  and  the  third  in  France. 
The  English  lock  has  been  in  continuous  use  for  over  thirty  years, 
while  those  in  France  and  Belgium  have  been  completed  about 
twelve  years.  They  all  have  a  lift  of  nearly  fifty  feet.  The  depth 
of  water  in  the  French  and  Belgian  locks  is  T  10",  and  the  lock 
chambers  are  140'  long,  and  19'  wide.  Several  others  having  similar 
dimensions  are  now  being  built  by  the  Belgian  Government.  The 
chief  dimensions  of  the  Peterborough  Lock  are  65'  lift,  chambers 
140'  long  with  33'  clear  width,  and  8'  normal  depth  of  water.  The 
Kirkfield  lock  has  the  same  general  dimensions,  with  a  lift  of  50'. 
It  will  thus  be  noticed  that  in  the  Peterborough  lock  the  water  load 
is  double  that  of  the  larger  European  ones,  while  the  height  of  the 
lift  is  increased  over  thirty  per  cent. 

In  principle  the  hydraulic  lock  may  be  likened  to  two  immense 
hydraulic  elevators  of  the  simple  plunger  type,  having  their  presses 
connected  together  so  that  the  descent  of  the  one  causes  the  rise  of 
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the  other.  In  place  of  the  ordinary  elevator  platform  we  have  <» 
large  water-tight  hox  or  tank  closed  at  either  end  hy  a  gate.  The 
lockage  Is  performed  by  towing  the  vessel  into  this  box  of  water  and 
then  closing  the  gate  on  the  end  of  the  box  as  well  as  that  of  the 
canal,  thus  leaving  the  box  independent  of  the  reach  and  free  to 
move  vertically.  The  box  with  the  water  and  the  floating  vessel  is 
then  raised  or  lowered  to  the  other  reach.  The  chamber  or  box 
about  to  descend  is  loaded  with  a  few  inches  more  water  than  the 
other  chamber,  thus  giving  it  the  necessary  additional  load  or  "  sur- 
charge" to  enable  it  to  cause  the  ascent  of  the  other  when  water 
communication  is  established  between  the  two  presses.  The  con- 
struction of  the  Canadian  locks  varies  materially  from  those  of 
Europe,  and  as  far  as  outward  appearance  goes  there  is  little 
similarity.  The  departures  are  largely  due  to  the  climatic  conditions 
and  to  the  different  practices  adopted  by  American  and  European 
engineers  in  steel  construction. 


PETERBOROUGH  HYDRAULIC  LOCK. 

For  purposes  of  detailed  description  the  Peterborough  lock  will 
be  taken  first,  and  the  difference  in  the  Kirkfield  structure  will  be 
noted  later  in  the  paper. 

Site. 

A  gradual  slope  was  selected  for  the  site  of  the  Peterborough  lock 
and  the  excavation  was  completed  in  1899.  The  location  was  chosen 
so  that  the  average  depth  of  excavation  was  about  40',  and  the 
material  thus  obtained  was  used  in  building  embankments  to  carry 
the  level  of  the  upper  reach  to  the  back  of  the  structure.  The 
excavated  material  was  found  to  be  hard  clay  mixed  with  small 
stones  and  boulders,  underlying  a  thin  layer  of  fertile  soil.  At  the 
upper  end  of  the  excavation  a  small  amount  of  hardpan  was 
encountered,  and  below  this  a  shaly  limestone  rock.  The  rock  was 
in  layers  of  from  i"  to  8"  in  thickness,  between  which  were  thinner 
layers  of  clay  and  shaly  material.  The  layers  of  crystallized  lime- 
stone stand  the  weather  quite  well,  but  the  shaly  parts  disintegrate 
very  rapidly  under  the  action  of  rain  and  frost.  The  elevation  at 
which  rock  was  found  was  exceedingly  fortunate,  being  practically 
at  the  bottom  of  the  pits.  When  the  rock  was  cleaned  off  less  than 
two  feet  of  concrete  brought  the  floor  to  its  proper  grade.  No  foot- 
ings were  required  under  any  of  the  walls,  all  being  built  upon  the 
solid  rock. 
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A  Press  Well,  showing  neat  excavation,  looking  up. 


A  Press  Well,  showing  granite  foundation,  looking  down. 
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The  Phess  Wells. 

The  wells  in  which  the  large  presses  stand  were  excavated  about 
75'  below  the  floor  of  the  pits,  the  diameter  of  the  rock  excavation 
being  16'  6".  The  nature  of  the  rock  rendered  this  work  compara- 
tively easy.  In  the  bottom  of  each  well  there  is  a  foundation  of 
granite,  the  object  of  which  will  be  quite  apparent  since  the  whole 
weight  of  the  lock  chamber  and  its  burden  is  concentrated  on  the 
bottom  of  the  press  and  from  there  distributed  over  the  rock.  When 
a  satisfactory  course  of  rock  was  found  the  surface  was  bush- 
hammered  to  a  truly  level  plane  in  preparation  for  the  granite.  The 
granite  blocks  composing  the  foundation  were  29^'  and  upward  in 
thickness,  and  are  arranged  in  three  courses,  all  well  bonded,  as  will 
be  seen  by  reference  to  one  of  the  accompanying  illustrations.  £}ach 
stone  was  carefully  dressed  and  perfectly  true  in  every  particular, 
and  no  joint,  either  horizontal  or  vertical,  was  permitted  to  be  more 
than  5/16"  in  thickness.  Every  stone  was  set  on  a  floating  bed  and 
beaten  to  its  proper  elevation  with  a  heavy  setting  maul.  Experience 
showed  that  the  mortar  best  suited  for  this  work  was  made  of  three 
parts  of  cement  to  one  of  good  sharp  sand,  with  which  mixture 
properly  tempered  the  stones  could  be  set  to  a  nicety.  The  top  sur- 
face of  each  granite  foundation  was  brought  to  a  perfectly  level 
plane,  no  deviation  being  permitted  that  could  be  detected  by  a  ten- 
foot  steel  straight  edge  and  a  specially  designed  twenty-four-inch 
hand  level.  The  steel  straight  edge  used  was  planed  out  of  an 
8-inch  18-lb.  steel  I-beam.  The  hand  level  has  a  cast  iron  base  of 
uniform  I-section  24"  long,  surmounted  by  a  large  bubble  similar  to 
those  used  on  a  Y-level.  The  granite  stones,  many  of  which  weighed 
over  ten  tons,  were  handled  from  a  gantry  frame,  using  a  steel  hoist- 
ing cable  with  a  pair  of  three-sheave  blocks  run  by  an  ordinary 
steam  hoist.  The  stones  were  brought  under  the  gantry  on  a  small 
lorry.  The  blocks  were  attached,  the  stones  raised,  and  the  lorry 
moved  from  under  it  The  stone  was  then  lowered  to  the  bottom 
of  the  well,  the  multiple  blocks  giving  a  very  slow  and  uniform 
lowering.  The  most  satisfactory  way  of  taking  hold  of  the  stones 
was  found  to  be  by  a  li"  eye-bolt  inserted  through  a  hole  in  the 
stone  and  screwed  into  a  nut  countersunk  in  the  under  bed.  After 
setting  the  stone  the  eye-bolt  was  unscrewed  leaving  the  nut  below. 
After  the  granite  work  was  finished  the  wells  were  lined  with  con- 
crete about  14"  thick,  bringing  the  diameter  to  14'  2".  No  great 
difficulty  was  experienced  from  water,  but  in  order  to  render  tKe 
concrete  linings  as  tight  as  possible  the  water  in  the  well  was 
allowed  to  follow  close  up  to  the  finished  work,  thus  balancing  the 
back  pressure   and  saving   the    new    concrete   from  being  scoured 


80  Francis  on  Mechanical  Canal  Locks  in  Canada 

before  setting  by  water  percolating  through  the  rock.  This  method 
proved  quite  satisfactory,  and  during  the  placing  of  the  presses  the 
linings  were  found  to  be  quite  water-tight  The  form  or  mould  used 
in  making  the  concrete  lining  was  a  collapsible  cylinder  about  6'  in 
length,  and  was  moved  about  5'  vertically  at  a  time. 

The  Substructure. 

The  substructure  of  the  lock  is  built  entirely  of  concrete,  and  con- 
tains a  little  over  26,000  cubic  yards.  For  purposes  of  description 
the  substructure  may  be  divided  into  (a)  the  breast  wall  and  wings 
which  serve  as  retaining  walls  for  the  upper  reach;  (b)  the  side 
walls,  being  the  retaining  walls  for  the  earth  along  the  sides  of  the 
lock;  (c)  the  towers,  the  duty  of  which  is  to  maintain  the  lock 
chambers  in  their  vertical  motion;  (d)  the  lower  gateways  which 
end  the  lower  reach.  These  walls  form  a  dry  pit,  or  rather  two  dry 
pits,  into  which  the  metal  lock  chambers  descend. 

The  breast  wall  is  40'  thick,  and  about  80'  high,  the  length  being 
126'  at  the  base.  At  about  15'  above  the  rock  foundation  there  is 
formed  within  it  a  chamber  or  room,  called  the  pump  room,  in 
which  the  pressure  pumps  and  turbines  are  installed.  This  room  is 
12'  wide,  17'  high,  and  110'  long.  At  about  the  original  natural  sur- 
face of  the  ground  the  breast  wall  is  pierced  longitudinally  by  a 
roadway,  which  will  form  a  continuation  of  the  main  street  running 
through  the  city  of  Peterborough.  This  roadway  is  14'  wide  and  21' 
high.  In  the  top  of  the  wall  there  are  formed  recesses  for  the  gates 
which  close  the  ends  of  the  upper  reach.  Stairways  are  provided 
to  give  convenient  access  to  the  various  parts  of  the  structure.  In 
order  to  avoid  a  bare  look  in  so  large  a  wall,  as  well  as  to  obtain 
some  architectural  effect,  pilasters,  string  courses,  and  cornices  have 
been  formed.  All  ornamentation  of  this  character  was  made  as  the 
work  progressed,  the  mouldings  or  forms  being  erected  as  received 
from  the  planing  mill. 

The  towers,  three  in  number,  are  on  the  same  transverse  centre 
line  as  the  wells.  In  round  numbers,  the  total  height  of  each  tower 
from  rock  bottom  to  the  top  is  100'.  E3ach  of  the  side  towers  has  a 
base  29'  6"  by  40'  8",  decreasing  to  24'  6"  by  30'  6"  at  the  top  of  the 
side  wall.  From  this  point  upwards  the  base  has  a  batter  for  a 
height  of  45',  and  above  this  the  shaft  is  vertical,  being  18'  x  18'  6". 
For  operating  purposes  it  is  necessary  to  build  the  inside  face  of 
the  towers  plumb  from  bottom  to  top.  The  centre  tower  has  for 
the  same  reason  to  be  plumb  on  the  two  sides  next  the  lock  chamber, 
while  its  other  two  sides  conform  to  the  same  lines  as  those  of  the 
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side  towera  Its  width  throughout  is  12'.  The  towers  have  been 
treated  in  the  same  architectural  manner  as  the  breast  wall. 

The  lower  gateways  extend  from  rock  bottom  to  the  top  of  the 
side  wall,  and  are  built  to  accommodate  the  steel  gates  which  close 
the  ends  of  the  lower  reach.  In  the  centre  wall  between  the  gates 
is  a  small  room  which  contains  the  gate-operating  machinery. 

As  far  as  possible  the  substructure  has  been  built  in  sections  to 
make  provision  for  expansion  and  contraction,  and  to  obtain  as 
nearly  as  possible  evenly  distributed  pressure  on  the  foundation  of 
each  part.  ^An  eftort  wsjb  made  to  have  the  sections  not  exceed  40' 
in  length. 

Machine-mixed  concrete  was  used  throughout  the  work.  About 
one-half  was  made  in  a  continuous  mixer  and  the  remainder  in  a 
cubical  mixer.  The  machines  were  located  on  one  side  of  the  work, 
the  concrete  being  delivered  to  the  walls  by  a  cableway,  which 
deposited  it  in  place  in  batches  of  one  and  a-third  cubic  yards  at  a 
tim&    This  arrangement  proved  economical  and  quite  satisfactory. 

The  proportions  of  the  ingredients  of  the  concrete  were  generally 
one  of  cement  to  two  and  a-half  of  sand,  with  as  much  gravel  and 
broken  stone  as  could  be  thoroughly  embedded  by  the  mortar.  For 
very  important  parts  the  strength  of  the  mortar  was  increased  by 
using  one  of  cement  to  two  of  sand,  while  in  less  important  places 
the  mixture  was  made  as  weak  as  one  to  four.  All  exposed  faces 
were  made  by  depositing  from  two  to  three  inches  of  mortar  against 
the  forming  simultaneously  with  the  concrete  course.  The  courses 
or  layers  of  concrete  were  always  kept  horizontal,  and  were  gener- 
ally 10"  deep.  The  closest  watch  was  kept  on  all  operations  of 
mixing  and  placing  the  concrete,  and  on  the  alignment  of  the  form- 
ing. Laboratory  tests  were  constantly  made  on  the  cement.  About 
955&  of  the  cement  used  in  the  work  was  Canadian  Portland,  and 
was  Tery  satisfactory. 

The  forming  for  important  faces  of  the  walls  was  made  of  three 
inch  pine  plank,  dressed  on  one  side  to  the  proper  thickness.  All 
Joints  in  the  forming  were  rabbetted  or  ship-lapped.  The  studs  were 
made  of  6"x8"  timbers  at  about  4'  centres,  backed  up  by  heavy 
horizontal  walings.  The  walings  were  held  in  place  by  5/8''  rods 
embedded  in  the  concrete  as  the  work  progressed.  On  the  backs  of 
the  walls,  against  which  earth  was  filled,  alignment  was  kept  with 
a  forming  of  rough  1"  pine  boards. 

In  order  to  obtain  the  greatest  possible  accuracy  in  the  alignment 
of  the  concrete  walls,  so  as  to  insure  the  proper  working  of  the 
finished  lock,  a  large  engineer's  transit  was  used  in  truing  up  the 
forming.    At  the  outset  of  the  work  a  well-braced  wooden  tower  of 
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the  requisite  height,  Burmounted  by  a  wind  screen,  in  which  the 
Instrument  was  placed,  was  built  over  a  carefully-determined  hub, 
the  foresight  on  the  line  having  been  previously  determined  and 
referenced  on  the  opposite  hillside.  In  this  manner  the  plumb  walls 
were  built  with  unusual  accuracy  for  a  height  of  nearly  100'. 

The  earth  embankment  upon  which  the  canal  is  carried  up  to  the 
back  of  the  breast  wall  was  built  in  layers  about  8"  in  thickness, 
thoroughly  compacted  and  rolled.  During  the  hot  and  dry  season 
the  earth  filling  was  liberally  watered.  The  materlaJi  was  clay  con- 
taining small  stones.  This  method  produced  an  embankment 
having  the  remarkable  record  for  settlement  of  only  about  1/W  in 
a  period  of  nearly  a  year  where  the  depth  of  made  earth  was 
upwards  of  40'. 

The  contract  for  the  embankment  and  substructure  was  executed 
by  Messrs.  Gorry  &  Laverdure,  of  Ottawa,  and  completed  in  1902. 

The    St'PERSTRUCTURE. 

The  superstructure  of  the  Peterborough  lock  was  built  by  the 
Dominion  Bridge  Company,  of  Montreal.  This  work  was  commenced 
in  the  summer  of  1901,  and  the  structure  was  completed  early  in 
July,  1904.    The  cost  of  the  superstructure  complete  was  $244,000.00. 

Each  of  the  lock  chambers  is  139'  x  33',  with  9'  10^'  of  plating  on 
the  sides.  These  dimensions,  with  the  exception  of  the  depth  of 
water,  were  fixed  by  a  Government  Commission.  It  is  also  neces- 
sary that  a  clear  headway  of  25'  be  left  above  the  water  level.  The 
depth  of  water  for  which  the  lock  is  constructed  would,  in  ordinary 
navigation  language,  be  called  8'  on  the  sills.  The  load  of  water 
which  each  of  the  lock  chambers  contains  is  1,700  tons,  and  this  ia 
the  maximum  load  which  it  is  necessary  to  provide  for,  since  a  float- 
ing vessel  displaces  only  her  own  weight  of  water. 

Structural  Steelwork. 

The  trusses  which  carry  the  load  of  the  chambers  are  double 
cantilevers,  having  curved  top  and  bottom  chords.  The  depth  of  the 
trusses  at  the  centre  is  32',  this  depth  having  been  chosen  with  a 
view  to  preventing  the  teetering  of  the  chambers.  The  trusses  are 
simple,  and  it  is  unnecessary  to  provide  for  alternate  stresses  in  any 
of  the  members,  the  load  being  constant  and  always  in  the  same 
direction.  All  the  connections  are  rivetted.  The  top  chord  cover 
plate  is  30"  wide.  The  diagonals  are  universal  mill  plates.  The 
floor  beams  and  stringers  form  a  very  stiff  system.  The  plating  of 
the  chambers  is  3/8"  thick  on  the  floor  and  5/16"  on  the  side,  the 
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floor  plating  also  doing  duty  as  a  system  of  lateral  bracing  to  look 
after  the  wind  loads  and  add  to  the  general  stiffness.  All  the  Joints 
of  the  plating  are  made  with  single  butt-splice  plates,  planed  bevel 
on  both  edges  and  caulked,  and  the  rivetting  is  similar  to  boiler 
work. 

The  whole  load  of  the  chambers  is  brought  directly  upon  the  top 
of  the  rams  by  plate  girders  9'  deep.  There  are  four  of  these  gird- 
ers to  each  chamber,  each  girder  taking  practically  an  equal  share 
of  the  load. 

The  sizes  and  stresses  of  the  various  members  of  the  trusses  and 
the  floor  system  are  marked  upon  the  accompanying  stress  sheet. 

In  order  to  maintain  the  chambers  in  their  vertical  courses,  guides 
are  provided  at  the  towers  and  the  breast  wall,  the  anchorage  having 
been  embedded  during  the  construction  of  the  concrete  work. 
Corresponding  slides  are  attached  to  the  chamber.  All  the  guides 
combine  to  counteract  the  rotating  tendency  due  to  the  unbalanced 
wind  forces,  while  the  teetering  tendency  is  overcome  by  the  central 
slides  which  are  fastened  to  the  top  and  bottom  chords  of  the 
trusses.  The  central  slides  are  of  bronze,  and  provision  has  been 
made  for  adjustment  In  every  case. 

Gates  and  their  Mechanism. 

The  gates  and  their  operating  machinery  are  of  a  different  type 
from  anything  that  has  hitherto  been  employed  for  this  purpose. 
There  are  eight  gates  in  all,  one  on  each  end  of  each  chamber,  and 
one  on  each  end  of  each  reach.  Each  gate  is  hinged  along  its  lower 
edge,  and  is  provided  with  galvanized  air  chambers  of  sufficient 
capacity  to  render  it  practically  buoyant.  As  it  is  never  necessary 
to  operate  any  gate  singly  they  have  been  arranged  to  work  in  pairs 
and  to  engage  automatically.  £>ach  of  the  down-stream  pairs  is' 
operated  by  a  small  three-cylinder  hydraulic  engine  placed  on  the 
line  of  the  axis  of  the  reach  gates  in  the  small  room  provided  for 
the  purpose  in  the  concrete  walls  between  the  gateways.  A  similar 
engine  is  employed  for  the  upper  gates.  Through  the  chain  motion 
Is  imparted  to  the  pinion  engaging  with  the  segmental  rack  anchored 
to  the  wall.  There  is  a  similar  rack  on  each  side  of  the  gateway, 
the  top  shaft  being  carried  across  the  gate.  When  open  both  gates 
lie  flat  upon  the  bottom,  leaving  the  full  navigation  depth  of  water 
above  them.  The  gates  are  steel  throughout,  the  framework  con- 
sisting of  a  series  of  vertical  I-beam  posts,  which  connect  to  the  top 
girder,  giving  a  perfectly  determinate  system  of  stresses  through- 
out, and  bringing  definite  abutment  loads  where  they  can  be  readily 
cared  for.    The  plating  is  all  on  the  outer  sides  of  the  gates  (that 
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is,  the  adjacent  faces  of  any  pair),  is  5/16"  thick  on  the  upper  parts, 
8/8"  thick  below,  butt-spliced  and  caulked  in  the  same  way  as  in 
the  lock  chamber. 

Water-tightness  is  ensured  between  the  gates  and  the  chambers, 
or  the  gates  and  the  reaches,  by  means  of  a  rubber  strip  or  flap»  2}" 
X  h",  fastened  along  the  sides  anfl  bottom  of  the  frame  against  which 
the  gate  closes.  The  pressure  of  the  water  keeps  this  strip  tightly 
pressed  against  the  gate,  in  this  way  preventing  leakage.  The  edge 
against  which  the  rubber  bears  Is  machined  to  a  true  surface. 

There  is  a  space  of  nearly  2"  between  either  end  of  the  lock 
chamber  and  the  frame  of  the  reach  gate.  When  it  is  desired  to 
connect  the  lock  chamber  with  a  reach,  this  clearance  spacer  has  to 
be  closed.  This  is  done  by  having  a  collapsable  rubber  tube  fastened 
to  the  frame  of  the  reach  gate  and  arranged  so  as  to  lie  flat.  When 
the  lock  chamber  is  in  position  for  communication,  the  rubber  tube 
is  inflated  with  air  at  about  ten  pounds  per  square  inch  pressure, 
which  causes  it  to  expand  and  press  against  the  end  of  the  chamber. 

The  Main  Presses  and  Rams. 

The  main  presses  form  the  most  interesting  as  well  as  the  most 
important  part  of  the  whole  structure.  It  is  thought  that  they  are 
the  largest  hydraulic  presses  that  have  ever  been  made.  Each  ram 
la  90"  external  finished  diameter,  and  has  a  working  stroke  of  65'. 
The  gauge  pressure  in  the  presses  during  operation  is  very  nearly 
600  lbs.  per  square  inch.  The  inside  diameter  of  the  press  is  T  8i", 
giving  a  water  space  of  li"  all  round  between  the  ram  and  the  press. 
The  rams  are  built  of  cast  iron,  3i"  thick,  made  up  in  sections.  Bach 
section  is  5'  3"  long,  and  is  bolted  to  the  adjacent  one  by  bolts 
through  inside  flanges,  for  which  purpose  forty  li"  bolts  are  used. 
The  Jomts  between  the  sections  are  made  with  a  gasket  of  pure  cop- 
per, rolled  true  to  gauge,  1/10"  thick  by  3"  wide.  This  gasket  is 
brazed  in  the  form  of  a  ring.  The  ends  of  the  ram  sections  are 
rabbetted  to  fit  into  one  another,  and  have  male  and  female  corru- 
gations. The  copper  is  put  in  flat,  and  when  the  Joint  is  screwed 
down  tightly  it  becomes  corrugated,  making  the  joint  absolutely 
tight. 

It  is  interesting  to  note  the  principles  employed  in  the  construc- 
tion of  the  presses  of  the  European  locks.  In  the  two  largest  ones 
the  rams  are  2  metres  in  diameter.  In  one  the  presses  are  made  of 
cast  iron  sections,  strengthened  by  steel  hoops  shrunk  on  the  out- 
side of  them.  In  the  other  the  presses  are  made  of  steel  hoops  piled 
upon  one  another  and  rabbetted  together,  water-tightness  being 
secured  by  a  copper  lining  or  bag,  on  much  the  same  principle  as 
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the  ordinary  double-tube    bicycle    tire,    the    hoops    providing  the 
strength,  and  the  copper  lining  the  tightness. 

The  presses  of  the  Canadian  locks  are  made  of  plain  steel  cast- 
ings, built  up  similarly  to  the  rams.  This  method  has  proven  emi- 
nently satisfactory  in  the  tests,  and  in  practical  operation  it  leaves 
nothing  to  be  desired.  The  internal  diameter  of  the  castings  is 
7'  Sr'.  The  thickness  of  the  metal  is  3i",  and  the  length  of  the 
sections  5'  3^  The  sections  are  flanged  at  both  ends.  The  flanges 
are  faced  and  rabbetted  male  and  female.  The  corresponding  faces 
of  the  rabbets  are  also  corrugated  male  and  female  to  receive  a  soft 
copper  gasket,  similar  to  that  used  in  the  rams.  In  addition  to  the 
copper  a  lead  gasket  is  also  used  in  the  press  joint,  placed  in  a 
V-shaped  groove  cut  in  the  flanges  about  three  inches  outside  the 
circle  of  the  copper  gasket.  The  lead*  was  put  In  round,  i"  in 
diameter,  and  distorted  to  nearly  fill  the  groove  in  the  process  of 
making  the  joint.  Fifty-six  bolts,  1-5/8"  in  diameter,  were  used  in 
each  of  the  press  Joints. 

The  top  of  each  press  is  finished  with  a  stuffing  box  of  rectangu- 
lar form,  1"  wide  and  10"  deep,  '  This  box  contains  twelve  rings  of 
braided  hemp  and  tallow  packing,  which,  before  using,  were  about  1" 
square.  The  hemp  is  tightened  down  by  a  steel  gland  or  follower 
with  thirty-six  stud  bolts  tapped  into  the  top  section.  Elach  press 
is  braced  to  the  walls  of  the  well  near  the  top  by  adjustable  struts, 
enabling  the  press  to  be  accurately  centred  before  the  erection  of 
the  lock  chambers  began. 

The  pipe  connecting  the  presses  near  the  top,  immediately  below 
the  stuffing  boxes,  is  an  extra  heavy,  lap-welded,  wrought  iron  pipe, 
12"  in  diameter,  and  i"  thick.  Through  this  pipe  all  the  water  dis- 
placed by  a  descending  ram  is  driven  into  the  other  press,  causing 
its  ram  to  rise.  Midway  between  the  presses,  immediately  under  the 
centre  of  the  middle  tower,  a  gate  valve  Is  placed  in  the  12"  pipe,  to 
make  connection  from  one  press  to  the  other,  or  shut  it  off  as 
occasion  may  require.  The  body  of  this  valve  is  a  steel  casting. 
The  valve  is  controlled  solely  by  the  lockmaster  in  his  cabin  on  the 
top  of  the  middle  tower.  Besides  the  main  gate  valve  there  are  two 
auxiliary  valves,  which  are  operated  automatically  by  the  lock  dur- 
ing its  motion.  These  valves  serve  as  a  protection  against  possible 
accident  to  the  gate  valve,  and  each  is  closed  by  the  chamber  on 
reaching  the  end  of  its  stroke,  the  closing  being  started  about  the 
last  ten  feet  of  stroke. 

Hydraulic  Tests. 

After  manufacture,  and  before  erection,  all  the  castings  of  the 
presses  and  rams  were  subjected  to  a  rigid  hydraulic  test  at  a  gauge 
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pressure  of  1,200  lbs.  per  square  inch,  being  twice  the  working  pres- 
sure.   A  number  of  these  castings  were  tested  to  2,000  lbs.  gauge 
pressure.    These  higher  tests  proved  so  satisfactory  that  it  was  con- 
sidered unnecessary  to  continue  the  tests  beyond  the  1,200  lb.  limit. 
This  hydrostatic  testing  was  of  absorbing  interest,  and  gave  results 
of  importance  and  value  in  what  was  hitherto  a  practically  unex- 
plored field.    The  higher  pressure,  2,000  lbs.,  gave  stresses  approach- 
ing the  elastic  limit  of  the  metal,  and  proved  beyond  a  doubt  the 
perfectly  homogeneous  character  of  the  castings.    When  it  is  con- 
sidered that  the  length  of  a  full  size  tension  specimen  in  the  test 
was  over  SOO'^  it  will  readily  be  seen  that  accurate  and  interesting 
information  should  be  obtained.    The  normal  press  and  ram  sections 
were  ordinarily  set  up  in  pairs  and  connected  by  a  test-head  ring 
bolted  up  with  temporary  gaskets  at  each  end.    The  hydraulic  pres- 
sure   was    applied,    as    may    be    seen    from    the    accompanying 
photograph,    by   a   steam  pump,  located   conveniently   near.     The 
pressures  were  recorded  by  at  least  three   hydrostatic  gauges  of 
standard  make,  and  accurate  notes  were  made  of  the  rate  of  load- 
ing, pressures,  extensions,  and    aH    other    information  that  might 
affect    the    results.     The    extensions    of    the    steel    castings    were 
measured  circumferentially  by  five  steel  tapes  spaced  equally  up  and 
down  the  casting.     The  tapes  were  accurately  located  and  held  to 
a  constant  tension  by  steel  springs.    The  extensions  were  measured 
by  a  Vernier,  graduated  near  one  end  of  the  tape,  and  matching  a 
corresponding  scale  graduated  at  the  crossing  point  near  the  other, 
so  that  readings  could  readily  be  made  to  the  1/100  part  of  an  inch. 
The  readings  in  all  cases  showed  the  greatest  extension  circum- 
ferentially on  the  middle  tape,  the  extension  decreasing  gradually 
towards    the    fianges,  where    it    was    practically    zero.     The    tape 
measurement  also  clearly  showed  which  end  of  the  casting  had  been 
uppermost  in  the  mould  when  it  was  poured,  the  lower,  and  conse- 
quently the  denser  end,  invariably  showing  the  least  stretch.    The 
accompanying  table  gives  the  average  of  the  results  obtained  in 
twenty-four  tests.    Probably  the  most  remarkable  result  obtained  in 
the  whole  of  the  forty-four  tests  conducted  was  that  on  casting  No. 
SBl,  where  the  gauge  pressure  was  run  up  to  2,200  lbs.  per  square 
inch.    This  pressure  caused,  in  the  walls  of  the  casting,  an  average 
stress  of  29,100  lbs.  per  square  inch,  and  the  middle, tape  showed  an 
extension  of  li".     The  permanent  set  resulting  from  this  pressure 
was  1-3/16"  circumferentially. 


A,  A— Spring  ou  Tape.        B— Vernier  on  Softle. 

Hydraulic  Test  of  Steel  Press  and  Iron  Ram  Section,  showing  Measuring 
Tapes  and  general  arrangement. 


Device  for  Turning  Press  and  Ram  Sections. 
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Trent  Canal 
HYDRAULIC  LIFT  LOCK  No.  1 

PUTERBOROUGH,    OnT. 

SUMMAR     OF  TESTS  OF  FULL-SIZED  RAM  SECTIONS 


Dkcrba.sk 
Section    i  in  Diam. 
No.  1 

Inches 


Dkcrkask 


Mean 


I 


IN  DiAM.  1  ^,!.^^?!!!!'' 


No.  2 

Inches 


I    IK  Two 

■       DiAMS. 

IncheM 


Remarks 


Wi 

.1330 

.1040 

.1235 

Average  decrease  diametric- 

\v» 

.1017 

.0973 

.0995 

ally,  .1176. 

w» 

.1096 

.1421 

.1258 

Greatest  decrease,  one  diam., 

w* 

.1258 

.1387 

.1323 

Sect.  W»«,  .1656. 

w» 

.1467 

.1454 

.1460 

Least  decrease,  one  diam., 

w» 

.1370 

.1368 

.1369 

Sect.  VV^«,  .0667. 

w^ 

.1430 

.0974 

.1202 

Greatest  decrease,  mean  two 

w» 

.1983 

.0930 

1456 

diams.,  Sect.  \V»,  .1460. 

w» 

.0879 

.1160 

.1019 

Least  decrease,  mean  two 

Wio 

.1246 

.1654 

.1450 

diams.,  Sect.  E»».  .0937. 

Wii 

.1192 

.1348 

.1270 

Greatest  divergence  from  avr. , 

w»* 

.1162 

.0667 

.0965 

one  diam.,  Sect.  W»«, 

E» 

.1070 

.1340 

.1205 

.0509. 

E« 

.1120 

.1265 

.1194 

Least  divergence  from  avr., 

E» 

.1366 

.1322 

.1339 

one  diam.,  Sect.  E*  and 

K* 

.1190 

.1187 

.1189 

E«,  .0011. 

E* 

.1135 

.0977 

.1056 

Greatest  divergence  from  avr.. 

£• 

.1165 

.1004 

.1084 

two  diams.,  Sect.  VV*, 

E' 

.1050 

.0994 

.1023 

.0284. 

E» 

.0910 

.1138 

.1024 

Least  divergence  from  avr.. 

£• 

.0905 

.1105 

.1005 

two  diams..  Sect.  E**, 

E»» 

.1147 

.0910 

.1043 

.0009. 

E»^ 

.1112 

.0762 

.0937 

E^« 

.1145 

.1125 

.1185 

5KCTCH    SHOWING 
WHtRC     DiAMETCOS    WtOC    TAHtN 
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Thkmt  Canal 

HYDRAULIC  LIFT  LOCK.  No.  1 
Petkkborouou,  Ont. 

SUMMARY  OF  TESTS  OF  LABORATORY  SPECIMENS  AND 
OF  FULL-SIZED  PRESS  SECTIONS 


Laboratory  Spkcimeks 


i  Elas. 
Heat  I  Lim. 
No.  '  per 

Sq.  In. 


Ult. 

Str. 

per 

8q.  Id. 


Elong. 

p.c. 

in 

2  In. 


W« 
W» 
W* 
W» 
W« 

\v» 
w»« 

E> 
E« 
E» 
E* 
E» 
E« 
E^ 
E« 
E» 

Ell 
Ei« 


2354  35150 


2724 
2781 
2753 
2803 
2484 
2464 
2431 
2451 
2426 
2442 
2813 


31440 
34350 
32760 
34980 
36620 
36620 
34480 
33820 
33820 
34350 
34350 


2379  34620 
2853  ,32760 
2412  33290 
2400  134900 
2S41  33620 
2599  32760 
2505  133950 
2825  ,34350 
2741  31720 
2561  33020 
2792  ,  34350 
2775  33320 


68970 
66580 


68030 
67380 
64980 
66580 
64830 
74650 
70040 
65250 
66180 
68440 
68030 
67370 
66310 
65910 
66050 
70310 
66440 
64180 
64180 
67240 
68970 


Averages   33975    67246     19.9    20.47 


15.5 
20.0 
17.5 
17.5 
19.0 
26.0 
24.0 
20.0 
15.0 
13.5 
20  0 
20  6 
20.5 
17.5 
16.0 
20.5 
26.5 
26.5 
17  5 
22.5 
27  0 
27.0 
15.0 
12.0 


Redct. 

in 
Area 
p.c. 


17.18 
21.53 
20.91 
17.30 
18.11 
25.30 
24.50 
18.90 
16.25 
15.32 
23.44 
21.97 
22.60 
17.30 
17.20 
19.00 
29.70 
23  97 
18.10 
25. 30 
25.83 
24.50 
16  24 
10.62 


Full-sized  Sections 


Tape 

Tape 

Tape 

Tape 

Tape 

1 

2 

3 

4 

5 

.135 

.145 

.160 

.150 

.125 

.195 

.235 

.225 

.205 

.170 

.130 

.170 

.175 

.170 

.145 

.125 

.150 

.155 

.155 

.136 

.135 

.160 

.165 

.130 

.100 

.130 

.145 

.150 

.140 

.110 

.130 

.160 

.155 

.125 

.110 

.130 

.150 

.130 

.120 

.110 

.120 

.135 

.130 

.125 

.130 

.130 

.130 

.135 

.125 

.125 

.135 

.150 

.150 

.125 

.100 

.195 

.185 

.145 

.150 

.120 

.142* 

.160* 

.157* 

.144* 

.118* 

.150 

.150 

.150 

.135 

.125 

.145 

.1.35 

.140 

.130 

.095 

.135 

.160 

.160 

.140 

.110 

.160 

.195 

.190 

.160 

.135 

.120 

.140 

.130 

.125 

.110 

.125 

.140 

.120 

.125 

.090 

.125 

.150 

.155 

.160 

.120 

.KS5 

.220 

.2.30 

.200 

.135 

.  155 

.190 

.155 

.155 

.115 

155 

.165 

.160 

.145 

.110 

.125 

.135 

.150 

.115 

.100, 

.142 

.160 

.157 

.144 

.118 

*No  record.     Averages. 


Remark.s 


The  tape  readings  are  the  differences,  recorded  in  inches,  of  the  Vernier 
readings  on  the  various  tapes  before  any  hydraulic  pressure  had  been  applied, 
and  at  the  close  of  the  test,  when  the  pressure  was,  and  had  been,  held  at 
1,200  lbs.  per  square  inch  for  half  an  hour. 

A  slight  permanent  set  occurred  in  the  sections  after  the  first  application 
of  hydraulic  pressure,  at  about  300  lbs.  per  square  inch  usually. 

E  from  these  experiments  =  31,055,880. 
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HYDRAULIC  LIFT  LOCK  No.   I 

HYDROST4TIC  TesTS   FOR  StKEL  CaST   PrKS»  SECTIONS 

DIAGRAMS  OF  ELONGATIONS  AND  PERMANENT  SETS 


Lmgfk  of 
Mm   Cmg9 


0«  me*  df  CMhmg).  ...  301  * ,      Thtckntm       3)i 
aooiba.ptr3q.UKk.    MaM.Stm*   ISS90  lU  pm- af  * 


I  '*     ^ 

'm  

-1 


9 

^      M       .    2 

9  SKETCH    5H0Win»C 

^-    .     -  3  . 

'9 


POSITION  OF  Tapes: 


Qyc^ 


Sketch  showing 
Assembly  for  Testihc. 
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HYDRAULIC  LOCK  No.  2 

KlHK FIELD,    ONT. 

HYDROSTATIC  TEST  OX  STEEL  PRESS,  SECTION  No.  1 
(Thii  Section  iww  UNAXSEALED,  Acid  0pm  hearth) 


Time 

\i 

' 

Tapk 

Tape 

Tape 

Tape 

Tape 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Start 

Finish 

^i 

11.20 

0 

1.00 

0.98 

1.02     0.95 

0.955 

11.25 

100 

1.005 

0.98 

1.025   0.95 

0.955 

11.26 

11.30 

200 

1.020 

1.00 

1.04     0.96 

0  965 

11.33 

11.45 

300 

1.025 

1.005 

1.04     0.96 

0.970 

11.46 

11.50 

0 

1.02 

1.00 

1.04 

0.955 

0.97 

11.51 

11.55 

400 

1.03 

1.01 

1.05 

0.965 

0.98 

11.57 

1.14 

0 

1.02 

1.00 

1.04 

0.955 

0.97 

1.16 

1.19 

500 

1.04 

1.02 

1.05 

0.97 

0.985 

1.19^ 

1.23 

0 

1  03 

0.99 

1.04      0.95 

0.97 

1.25 

1.35 

600 

1.06 

1.035 

1.07      0.985 

1.00 

1.35* 

1.45 

0 

1.025 

0  99 

1.03     0.95     0.97 

1.47 

1.49 

700 

1.063 

1.055 

1.083    1.00      1.01 

1.50 

1.52 

800 

1.08 

1  07 

1.10  1   1.015    1.025 

1.52^ 

1.55 

900 

1.085 

1.08 

1.115,  1.025 

1.035 

1.57 

2.00 

1000 

1.10 

1.09 

1.14  1  1.04 

1.043 

2.03 

2.07 

1100 

1.11 

1.10 

1.14  ,   1.05 

1.055 

2.07i 

2.19 

0 

1.02 

1.05 

1.04  ,  0.96 

0.98 

3.22 

3.31 

1200 

1.13 

1.12 

1.15  '   1.06 

1  06 

3  32 

3.34 

1300 

1 .  145 

1.14 

1.18  1   1.08 

1.07 

3.35 

3.36 

1400 

1.16 

1.17 

1.20      1.10 

1.09 

3.38 

3.40 

1500 

1.21 

1.23 

1.27      1.17  1   1.14  1 

3.41 

3.43 

1600 

1.23 

1.28 

1.33      1.23 

1.18 

3.48 

3.56 

1800 

1.42 

1.46 

1.65  :   1.50 

1.36 

4.20 

4.25 

2000^ 

1.81 

2.01 

2.50  i  2.30 

1.81 

4.55 

0' 

1.65 

1.97 

2.23  '   1.95 

1.57 

3 

3.07 

0« 

1.00 

1.00 

1.00  ;   1.00 

0.98 

3.10 

3.15 

1000 

1.10 

1.10 

1. 10  1  1.10 

1.05 

3.15i 

3.18 

0 

1.02 

1.01 

1. 01      1.01 

0.98 

3.25 

3.30 

1  1800 

1.23 

1.23 

1.24  1   1.23 

1.20 

3.33 

4.19 

1        0 

1.02 

1.02 

1.02      1.02 

1.00 

4.25 

4.30 

i  1950 

1.25 

1.26 

1.27  1  1.25 

1.21 

4.32 

4.34 

0 

1.02 

1.01 

1.01 

1.02 

1.00 

4.40 

4.41 

2000 

1.26 

1.26 

1.27 

1.28 

1.20 

4.41^ 

4.49 

0 

1.02 

1.01 

1.01 

1.02 

1.00 

2025 

1.26 

0 

1.02 

1.01 

1.01   !   1.02 

1 

0.99 

T 

otal  Ci 

rcum. ) 
lent     [. 

Permar 

0.67 

1.00 

1.22  1   1.02 

0.625 

Elonga 

bion     ) 

1 

1 

c8 


.5^.5 
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HYDRAULIC  LOCK  No.  2 

KiKKFIELD,    OnT. 

HYDROSTATIC  TEST  ON  STEEL  PRESS,  SECTION  No.  15 
(ThU  Section  was  AXXEALED,  Acid  Open-hearth) 


Time 

a 

5*-' 

u 

Tape 
No.  1 

Tapk 
No.  2 

Tapk 
Nt».  3 

Tape 
No.  4 

Tape 
No.  5 

Start 

Fiuish 

10.52 

0 

2.90 

2.545 

2.39 

2.36 

2.56 

s 

10.52i 

10.55? 

300 

2.91 

2.555 

2.40 

2.38 

2.57 

-s  «• 

10.56 

10.58 

0 

2.90 

2.55 

2.39 

2.37 

2.565 

g  .2 

lO.-'iSi 

11.03 

400 

2.915 

2.565 

2.42 

2  385 

2.58 

.3^ 

11.03^ 

11.04 

0 

2.90 

2.55 

2.40 

2.38 

2.57 

11.044 

11.054 

500 

2  92 

2.57 

2.43 

2.405 

2.59 

11.05^ 

11.06f 

0 

2.90 

2  55 

2.395 

2.376 

2.67 

13    "^ 

11.074 

11.08.? 

600 

2.93 

2.58 

2.44 

2.41 

2.595 

tt 

11.09 

11.094 

0 

2.90 

2.55 

2.40 

2.38 

2.575 

11.101 

11. 10^ 

700 

2.95 

2.59 

2.45 

2.42 

2.605 

+  " 

11.11 

11.13 

0 

2.90 

2.55 

2  39 

2.37 

2.58 

^  1 

11.14J 

11.15 

800 

2.95 

2.61 

2.465 

2.428 

2.62 

11.15J 

11.16 

0 

2.iK) 

2.555 

2.40 

2.37 

2.58 

s-s 

lI.lTi 

11.18 

900 

2.96 

2.62 

2.48 

2.44 

2.62 

II  '■s 

ll.lSi 

11.19 

0 

2.90 

2  555 

2.395 

2.365 

2.68 

11.20i 

11.21 

1000 

2.965 

2.63 

2.485 

2.445 

2.64 

§•1^ 

11.2li 

11.22 

0 

2.90 

2.55 

2.395 

2.363 

2.575 

«     -ti 

^  s 

11.234 

11.24 

1100 

2.97 

2  64 

2.50 

2.455 

2.645 

s  1 

':< 

11.24i 

11.25 

0 

2.90 

2.555 

2.39 

2.368 

2.57 

11.263 

11. 3H 

1200 

2.99 

2.655 

2.513 

2.468 

2.66 

s    § 

"io  « 

11.3l5f 

11.33 

0 

2.90 

2.55 

2  39 

2.36 

2  58 

5    ^ 

c  .s 

11.35 

11.36 

1300 

3.00 

2.67 

2.53 

2.48 

2.67 

00 

11.361 

11.37 

0 

2.90 

2.55 

2.39 

2.36 

2.576 

s 

s" 

11.39 

11.403 

1400 

3.02 

2.68 

2.548 

2.60 

2.685 

:g 

JS  «^ 

11.41 

11.4H 

0 

2.90 

2.55 

2.39 

2.352 

2.67 

4d 

fr^ 

11.434 

11.44f 

1500 

3.04 

2.69 

2.56 

2.61 

2.69 

e« 

§    11 

11.45 

11.46i 

0 

2.90 

2.655 

2.39 

2.36 

*2.55 

'^ 

—    fe 

11.484 

11.50 

1600 

3:05 

2.71 

2.568 

2.525 

2.708 

s 

3  1 

ll.SOi 

11.51 

0 

2.90 

2.55 

2.395 

2.36 

2.57 

* 

"o   g 

11.531 

11.541 

1700 

3.08 

2.73 

2.588 

2.545 

2.72 

s 

is 

11.55 

11.554 

0 

2.90 

2.55 

2.395 

2.36 

2  565 

.2  -c 

11.58i 

11.59i 

1800 

3.065 

2.74 

2.60 

2.56 

2.74 

11.594 

12.00 

0 

2.90 

2.55 

2.395 

2.36 

2.57 

2'i 

12.03 

12.05i 

1900 

3.09 

2.76 

2.63 

2.575 

2.75 

«       s. 

•3 .2 

12.05i 

12.08i 

0 

2.90 

2  55 

2.395 

2.365 

2.57 

rs                  0 

"3  8> 

12.114 

12.124 

2000 

3.11 

2.77 

2.64 

2.59 

2.76 

1        1 

CB                          03 

s   a 

12.12f 

12.13A 

0 

2.90 

2.55 

2.395 

2.37 

2.575 

12.17 

2000 

3.11 

2.77 

2.64 

2,59 

2.77 

'7                        ^ 

* 

0  < 

12.47 

2000 
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Hydraulic  Test  of  Press  and  Ram  Sections.     Double  test  to  prove 
normal  lead  and  copper  gaskets  at  middle  joint. 
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Erection  of  large  Rams— Placing  a  section. 


Fifteen-ton  Stiff-leg  Derrick  handling  press  section. 


Francis  on  Mechanical  Canal  Locks  in  Canada        93 


Id  order  to  study  the  effect  of  annealing  steel  castings  the  foun- 
trs.  The  Penn  Steel  Casting  and  Machine  Co.,  of  Chester,  Penn . 
rered  to  anneal  a  casting  in  order  that  we  might  subject  it  to  a 
milar  test.  The  test  was  applied  with  eminently  satisfactory 
suits.  The  extensions  increased  directly  as  the  load.  At  2,000  lbs. 
;r  square  inch  the  elastic  extension  was  only  |",  and  the  perma- 
mt  set  was  found  to  be  practically  zero.  This  proved  conclusively 
lat  the  annealing  of  the  steel  castings  relieved  the  initial  strains 

the  walls  entirely,  and  left  the  metal  in  its  theoretical  condition. 

The  results  obtained  on  the  cast  iron  ram  sections  are  no  less 
iteresting.  They  showed  that  in  castings  of  this  size  the  absence 
!  a  limit  of  elasticity  in  compression  for  cast  iron  cannot  be 
nored.  In  every  instance.  In  the  first  twenty-four  tests,  a  perma- 
iJSkl  set  was  obtained,  and  this  permanent  set  was  almost  in  pro- 
>rtion  to  the  applied  load.  The  deformations  of  the  cast  iron 
actions  were  measured  on  diameters  by  means  of  ordinary  high- 
•ade  inside  micrometers  reading  to  1/1000". 

The  temporary  gaskets  used  during  the  tests  were  generally  of 
ather,  which  appeared  to  adapt  itself  readily  to  the  variations  of 
le  specimen  during  the  test.  In  order  to  prove  the  tightness  of 
le  permanent  gaskets,  certain  of  the  sections  were  set  up  two 
orys  high,  the  middle  Joint  being  made  in  exactly  the  same  man- 
)r  as  the  final  Joint  in  the  field.  This  gasket  proved  itself  abso- 
tely  tight  at  double  the  working  pressure. 

It  was  anticipated  that  considerable  difficulty  would  be  experi- 
iced  by  the  porosity  of  the  steel  and  iron  castings.  The  tests 
lowed  the  steel  castings  to  be  absolutely  tight,  while  in  a  few 
jses  the  iron  castings  showed  slight  traces  of  oozing  at  the  higher 
-essiires.  In  these  instances  the  tests  were  discontinued,  and  the 
ctions  allowed  to  stand  two  or  three  days  under  the  pressure  of 
mpressed  air  at  about  40  lbs.  gauge  pressure,  when  the  tests  were 
lain  resumed.  In  every  case  it  was  found  that  the  intervening 
ne  had  given  the  iron  castings  ample  opportunity  to  tighten  them- 
Ivee.    The  tightening  was  probably  due  to  the  formation  of  oxide 

the  pores  of  the  casting,  which  effectively  closed  these  minute 
ssages  against  the  entrance  of  water. 

The  conclusions  drawn  from  the  whole  series  of  tests  on  the 
esses  were:  1st,  it  is  possible  to  obtain  steel  castings  in  this  form 
solutely  impervious  to  water  up  to  2,200  lbs.  gauge  pressure;  2nd, 
is  possible  to  get  castings  in  which  no  flaws  exist;  3rd,  that  a 
ght  permanent  set  occurs  at  about  300  lbs.  gauge  pressure, 
though  part  of  this  may  be  due  to  the  self-adjusting  of  the  tapes; 
ti,  that  this  permanent  set  is  not  increased  appreciably  by  pres- 
res  up  to  1,200  lbs.  gauge  pressure,  or  by  repeated  applications  of 
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the  same.  The  foregoing  conclusions  apply  to  unannealed  castings. 
The  annealed  castings  possess  all  the  virtues  above  referred  to,  with 
the  addition  of  no  permanent  set  up  to  2,000  gauge  pressure. 

In  the  cast  iron  sections  for  the  Peterborough  lock  the  permanent 
set  in  compression  had  to  be  allowed  for  by  making  tEe  diameter  of 
the  sections  slightly  larger  beyond  the  flange  influence.  The  tests 
invariably  showed  a  distortion,  as  diminution  in  diameter,  which 
left  the  sections  with  theoretical  size. 

Press  and  Ram  Erection. 

The  erection  of  the  presses  was  conducted  through  the  winter 
season.  The  pieces,  which  averaged  about  10  tons  each,  were  iLandled 
and  lowered  with  a  stifl!-leg  derrick  run  by  a  steam  hoist  A  very 
ingenious  method  was  adopted  for  the  erection  of  the  rams.  After 
each  press  had  been  completed,  the  opening  for  the  12"  cross-over 
pipe  was  closed  with  a  temporary  cover,  and  the  press  was  filled 
with  water  to  the  top.  Then  the  base  of  the  ram  was  entered  into 
the  press,  the  weight  being  still  held  by  the  derrick.  As  soon  as  the 
packing  was  placed  and  the  gland  screwed  down,  the  derrick  hooks 
were  taken  oft  the  ram,  which  was  then  supported  on  the  confined 
water  within  the  press.  The  next  ram  section  was  brought  and 
placed  upon  the  base,  and  after  the  joint  with  the  base  had  been 
finished,  water  was  permitted  to  escape  from  the  press  until  the 
ram  settled  down  through  the  stuffing  box  the  length  of  the  section. 
In  this  manner  the  ram  sections  were  successfully  placed  and 
immersed  one  at  a  time  until  the  top  section  was  in  position. 

General  Erection. 

The  erection  plant  for  the  superstructure  was  a  very  complete 
one.  A  siding  was  run  up  to  the  side  of  the  lock,  and  all  the 
material  was  handled  by  IS-ton  stiff-leg  derricks  of  the  simplest 
design.  All  field  rivetting,  reaming,  and  caulking  was  done  with 
compressed  air  furnished  by  a  55  H.P.  compressor  run  by  steam,  and 
conveniently  located  beside  the  pits.  While  referring  to  the  erec- 
tion plant  of  the  contractors,  it  will  not  be  out  of  place  to  make  fx 
brief  reference  to  the  many  ingenious  and  original  devices  adopted 
to  carry  out  the  work.  As  many  of  the  operations  required  numer- 
ous repetitions,  the  application  of  time  and  labor-saving  machinery 
was  of  importance.  Among  these  may  be  mentioned  the  appliances 
for  handling  the  large  press  and  ram  sections.  Built  steel  balance- 
beams  were  made  for  regular  lifting  by  hooks  under  the  fianges, 
while  operations  of  turning  over  were  accomplished  in  a  few 
minutes  by  suspending  the  sections  on  trunnions  held  on  the  middle 


/  / 


Jli'-. 


One  of  the  Main  Rams  at  Full  Stroke. 


Hi 


! 


I 

.r- 

'I 

lii 
:s,-. 


J 


f 
l 


r 


?'" 


General  view,  showing  progress  of  Steel  Erection. 
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Pneumatic  Wrench,  shown  as  adapted  for  ratcheting  holes. 


a-. 

}    I 
i 


Francis  on  Mechanical  Canal  Locks  in  Canada        95 

aeter  of  the  casting.  For  transporting  the  Kirkfield  castings 
r  a  country  road  in  the  summer  time,  a  15-ton  roller-bearing 
1  wagon  was  built,  with  10"  tires  and  6'  gauge.  With  three 
ns  hitched  thereto  the  castings  were  transported  with  perfect 
\.  Probably  the  most  ingenious  device  of  all  is  a  pneumatic 
nch  for  screwing  up  nuts  on  bolts  up  to  1-5/8"  in  the  large 
(ses  and  rams.  This  machine,  which  consists  essentially  of  an 
Hating,  double-acting  air  cylinder,  the  piston  of  which  rotates 
)x-wrench  through  the  medium  of  a  ratchet,  weighs  about  70  lbs., 
landled  by  two  men,  and  does  the  work  of  twenty-five  in  the 
le  time  and  in  a  more  satisfactory  manner. 

The  Auxiliary  Plant. 

rhe  auxiliary  plant  in  connection  with  the  Peterborough  lock 
sists  of  a  hydraulic  accumulator  with  its  accessories,  two 
raulic  gate-engines,  two  hydraulic  capstans,  an  air  compressor, 
air  water-lift,  and  a  deep-well  pump.  Provision  has  also  been 
le  for  the  installation  of  a  lighting  dynamo, 
rhe  duty  of  the  accumulator  is  to  supply  water  under  pressure 
he  main  presses  for  the  purpose  of  making  good  any  slight  leak- 

of  the  large  glands  or  the  adjustment  of  the  relative  height  of 
ler  chamber.  It  also  supplies  power  to  the  gate  engines  and  to 
capstans.  The  ram  of  the  accumulator  is  20"  in  diameter,  with  a 
king  stroke  of  30'  6".  The  working  pressure  is  640  lbs.  per 
are  inch.    The  accumulator  is  installed  in  the  east  side  tower, 

obtains  its  water  supply  from  one  of  a  duplicate  pair  of  pres- 
B  pumps  in  the  pump  room.  These  pumps  are  operated  by  a  15" 
izontal,  "  Crocker  "  type  turbine  driven  under  65'  head  by  water 
n  the  upper  reach  of  the  canal.  The  accumulator  differs  from 
regular  type  by  having  Its  ballast  box  directly  on  top  of  the  ram 
.ead  of  the  usual  annular  form,  the  advantage  so  gained  being 
efficient  bracing  of  the  accumulator  press  to  the  surrounding 
Is  of  the  tower. 

rhe  pressure  pumps  are  of  the  three-throw  type,  single  acting, 
ing  4i"  bronze  plungers,  and  are  geared  down  from  the  turbine. 

0  pumps  are  provided,  either  of  which  may  be  used  under  ordi- 
y  circumstances,  or.  If  necessary,  both  may  be  connected.  The 
umulator  automatically  regulates  its  motive  power. 

One  three-cylinder  hydraulic  engine  operates  the  lower  gates, 

1  a  similar  one  works  the  upper  gates.  One  hydraulic  capstan  is 
the  lower  level  and  the  other  on  the  upper.  The  gate  engines 
I  capstans  are  all  actuated  by  the  accumulator. 

The  air  compressor,  built  under  the  patents  of  the  Taylor 
draulic  Air  Compressing   Company   of    Montreal,  is  in  a  void  in 


ii^- 


96  Francis  on  Mechanical  Canal  Locks  in  Canada 

the  breast  wall.  It  gets  its  supply  of  water  from  the  upper  reach. 
The  air  to  be  compressed  becomes  entangled  with  the  water  passing 
through  a  peculiarly  constructed  headpiece  at  the  point  of  inlet,  and 
is  then  dragged  down  by  the  water  to  a  depth  considerably  below  the 
elevation  at  which  the  water  escapes,  being  collected  at  the  lowest 
level  and  thence  delivered  for  use.  The  bottom  of  the  headpiece 
is  about  1<K  below  the  surface  of  the  water,  and  is  connected  by  an 
18"  down-pipe,  with  a  oolleoting  tank  86'  below  it.  The  down-pipe 
descends  in  a  42"  shaft,  and  the  tank,  11'  in  diameter,  is  in  a 
chamber  14'  in  diameter.  As  the  collecting  tank  is  bottomless,  and 
on  legs  raising  it  6"  clear  of  the  floor,  the  water,  after  leaving  the 
air  bubbles  collected  in  the  top  of  the  tank,  rises  in  the  42"  shaft 
and  escapes  through  an  outlet  about  17'  below  the  inlet  level.  The 
imprisoned  air  in  the  collecting  tank  is  under  the  pressure  due  to 
the  column  of  water  from  the  water  line  within  the  tank  to  the 
point  of  escape,  which  in  this  case  is  about  28  lbs.  per  square  inch. 
From  the  collecting  tank  the  air  is  conveyed  by  pipes  to  the  pump 
room,  and  from  there  to  the  seal  tubes  to  be  used  for  inflation,  and 
for  pumping.  The  capacity  of  the  compressor  is  300  cubic  feet  of 
air  per  minute. 

The  air  lift,  which  is  entirely  automatic  in  its  operation,  and 
receives  its  air  from  the  Taylor  air  compressor,  is  somewhat  of  a 
novelty,  and  in  connection  with  the  compressor  it  is  very  economical 
and  convenient  under  the  existing  circumstances.  Its  duty  is  to 
keep  the  lock  chamber  pits  free  from  water,  which  it  does  by  pump-^ 
ing  from  one  of  the  wells  in  which  the  drainage  is  collected. 
This  device  consists  of  a  simple  pipe  submerged  in  the  water  at 
the  suction  end,  where  compressed  air  is  admitted  to  it.  The  dis- 
charge pipe  is  4"  in  diameter.  At  the  inlet  it  is  31",  and  extends- 
te'  below  the  surface  of  the  water  in  the  well.  The  suction  or  inlet 
is  in  the  form  of  an  inverted  funnel,  16"  diameter  at  the  large  end. 
At  this  point  a  small  quantity  of  compressed  air  is  admitted,  and 
becoming  mixed  with  the  water  in  the  pipe,  makes  a  column  of  air 
and  water,  which  rises  by  virtue  of  its  being  lighter  than  the  water 
surrounding  the  pipe.  The  actual  lift  is  29',  from  the  water  line  in 
the  well  to  the  water  line  at  the  discharge  in  the  lower  reach. 


Materials  and  General  Appearance. 

A  summary  of  the  amounts  and  various  kinds  of  metal  used  in 
the  superstructure  is  as  follows:  Rolled  steel,  in  plates  and  shapes- 
for  the  lock  chambers  and  gates,  1,640,000  lbs;  cast  iron,  in  rams,. 
Accumulator,  guides,  and  various  machines,  495,000  lbs.;  steel  cast- 
ings, for  the  main  presses  and  accumulator,  668,000  lbs. 
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Fifteen -inch  Turbines  to  operate  Pressure  Pumps. 


ra  Three-throw  Single-acting  Pressure  Pump. 
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Three- cylinder  Hydraulic  Gate  Engine. 


Intenaifier  Pumps  for  Kirk  field  Lock. 
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[^are  has  been  taken  throughout  to  make  the  general  appearance 
Lhe  work  as  attractive  as  possible.  All  the  walls  and  stairways 
protected  by  suitably  designed  railings,  and  the  windows  and 
rways  are  closed  by  ornamental  grille-work.  The  lockmaster's 
in  on  the  top  of  the  centre  tower  is  constructed  of  concrete  as 
b  as  the  window-sills.  Above  this  the  steel  framwork  Is  furred 
b  wood,  and  the  whole  of  the  exterior  covered  with  copper.  The 
irior  is  finished  in  British  Ck>lumbia  cedar  in  the  natural  color. 
Having  given  this  general  description  of  the  Peterborough  lock, 
irill  be  well,  by  way  of  comparison,  to  state  the  general  features 
;he  two  large  European  locks  before  proceeding  to  note  the  par- 
ilar  construction  of  the  Klrkfleld  structure. 

THE  EUROPEAN  LOCKS. 

rhe  LeLouvlfere  lock  has  a  double  cantilever  truss  work  for  the 
mbers,  on  much  the  same  principle  as  the  Peterborough  lock, 
epting  that  the  trusses  are  only  19'  deep  at  the  centre,  as  com- 
Bd  with  32'  in  Peterborough.    The  guide  towers,  nine  in  number, 

of  steel,   and   the   upper  gateways  are   contained   in   a   steel 
educt. 
^t  LesFontinettes  the  lock  chambers  are  supported  by  plate  gird- 

the  webs  being  made  use  of  as  the  side  plating  of  the  chambers. 
I  guide  towers  are  of  brick,  placed  on  the  transverse  centre  line 
L  manner  corresponding  to  those  at  Peterborough, 
n  both  these  locks  the  clear-head  room  above  the  water  is 
lired  to  be  only  about  9',  and  in  consequence  the  gates  in  both 
»  are  raised  vertically  by  means  of  an  overhead  gantry  frame. 

auxiliary  power  in  both  cases  is  very  similar,  consisting,  speak- 
generally,  of  a  small  turbine,  a  pressure  pump,  and  an  accumu- 
r,  the  latter,  as  in  Peterborough,  being  the  direct  source  of  power 
the  gate  machinery  and  capstans. 

THE  KIRKFIELD  HYDRAULIC  LOCK. 

Lt  Kirkfleld  the  chief  departures  from  the  design  of  the  Peter- 
mgh  lock  consist  in  having  three  steel  towers  instead  of  three 
;rete  ones;  steel  aqueducts  for  the  upper  gateways  instead  of 
heavier  concrete  breast  wall;  and  a  much  simpler  auxiliary 
it  for  operating  the  gates,  capstans,  and  pumps.  The  truss  work 
the  chambers  is  almost  idenycal  with  that  of  Peterborough, 
gates  are  likewise  of  the  same  type.  The  manner  of  operating 
a,  however,  has  been  .modified  to  overcome  the  difllculty  experi- 
id  at  Peterborough  from  floating  chips  and  drift-wood  becoming 
ngled  in  the  teeth  and  chain  of  the  gates  and  rack. 
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For  the  gate  operation  a  simple  high-pressure  cylinder  is  the 
motive  power.  The  end  of  the  piston  rod  terminates  in  a  rack 
which,  through  a  segmental  gear,  imparts  a  rotary  motion  to  the 
main  shaft,  to  which  heavy  steel  levers  are  fastened,  as  will  be  seen 
by  reference  to  the  accompanying  illustration,  this  shaft  being  57" 
away  from  the  axis  of  the  reach  gate.  The  outer  end  of  the  levers 
engage  with  the  reach  gate,  which  is  automatically  connected  to  the 
chamber  gate,  and  open  and  close  them  by  the  motion  in  one 
direction  or  the  other  of  the  actuating  hydraulic  cylinder. 

The  main  auxiliary  plant  at  Kirkfleld  consists  of  a  pair 
of  intensifier  pumps,  either  one  of  which  is  capable  of  doing  the 
required  work.  These  pumps  have  been  specially  designed  for  this 
lock.  The  engine  end  consists  of  a  double-acting  cylinder  40'^  in 
diameter,  working  under  the  head  of  water  from  the  upper  reach, 
namely  50'.  The  piston  of  this  cylinder  is  cast  midway  of  the  length 
of  the  piston  rod,  which  is  6"  in  diameter,  the  ends  of  the  piston  rod 
forming  the  plungers  for  the  high  pressure  end.  The  stroke  is  24''. 
These  pumps  work  automatically  and,  as  well  as  regulating  the 
large  presses,  furnish  the  motive  power  for  the  gates  and  capstans. 
The  capacity  of  each  pump  is  50  imperial  gallons  per  minute. 

The  contract  for  the  superstructure  of  the  Kirkfleld  lock  is  |297,- 
300.00.  It  is  expected  that  this  work  will  be  completed  about  June 
next. 

The  Kirkfleld  lock  is  located  on  a  gradual  rock  slope.  The  upper 
approach  consists  of  concrete  side  walls  built  upon  the  rock,  and 
terminating  on  the  east  side  of  the  roadway  at  the  breast  wall. 
From  the  breast  wall  steel  aqueducts  for  the  upper  gateways  extend 
:to  the  end  of  the  lock  chamber,  and  are  supported  by  heavy  ateel 
columns  standing  in  the  bottom  of  the  pit.  The  pit  is  excavated 
entirely  in  the  rock,  the  sides  having  been  cut  witli  a  Sullivan  Chan* 
neller.  and  left  with  the  machine  face  exposed.  The  rock  is  of  a 
much  better  quality  than  that  encountered  at  Peterborough,  of  the 
same  formation,  but  in  layers  15"  or  more  in  thickness.  The  lower 
gateways  are  practically  the  same  as  those  at  Peterborough.  The 
total  quantity  of  concrete  in  the  Kirkfleld  lock  proper  is  about  8,000 
cubic  yards. 

Operation. 

The  operation  of  the  hydraulic  lock  requires  three  men— a  lock- 
master  and  two  assistants,  or  gatemen.  The  lockmaster  is  in  charge 
and  is  responsible  for  the  structure.  Two  gatemen  are  required, 
one  at  the  lower  end  and  the  othir  at  the  upper,  to  open  and  close 
the  gates,  to  inflate  or  deflate  the  seal  tubes,  and  to  operate  the  cap- 
stans. The  gatemen  also  take  charge  of  vessels  at  about  200'  on 
either  side  of  the  lock.    The  lockmaster,  during  operations,  stays  in 
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cabin  on  the  top  of  the  centre  tower  and  has  full  view  of  all 
transpires.  He  is  also  in  communication  with  his  two  assist- 
by  a  simple  signal  system.  The  lockmaster  has  before  him  the 
cipal  levers,  and  through  an  interlocking  system  regulates  the 
dng  of  the  lock.  The  levers  for  controlling  the  gate  engines 
the  capstans  are  situated  on  the  wall  immediately  above  the 
ective  machines,  convenient  of  access  to  the  gatemen.  The 
flocking  system  is  so  arranged  that  the  lockmaster  must  set  his 
rs  in  proper  order,  and  these  having  been  set  neither  he  nor  the 
men  can  err  by  using  their  levers  at  the  wrong  time. 
Q  order  to  get  a  clear  idea  of  the  complete  mode  of  operation, 
IS  assume  that  both  lock  chambers  are  down  at  the  lower  level, 
ty,  as  they  are  at  the  end  of  the  winter,  or  when  it  Is  desired 
repare  them  for  navigation  purposes.  The  annular  space  in 
of  the  presses  if  empty  will  be  filled  with  water.  The  main 
e  on  the  connecting  pipe  will  be  closed  and  water  will  be 
ped  into  one  of  the  presses  until  the  rai^,  with  its  superimposed 
nber  rises  to  the  level  of  the  upper  reach.  An  examination  of 
case  will  show  that  it  is  necessary  that  the  uppermost  chamber, 
rder  that  it  shall  be  able  in  descending  to  cause  the  other  to 

I  the  full  upward  stroke,  must  contain  a  volume  of  water  greater 
L  the  rising  chamber  contains.    This  extra  amount  of  water  is 

II  to  the  volume  of  one  of  the  rams,  since  the  change  that  takes 
e  during  the  relative  motion  of  the  two  chambers  is  that  the 

of  the  descending  chamber  becomes  constantly  immersed  while 
other  protrudes.  In  other  words,  the'  descending  chamber  is 
ig  weight  while  the  ascending  is  constantly  becoming  heavier. 

also  necessary  that  some  extra  weight  be  provided  to  overcome 
friction  of  the  guides,  and  of  the  stuffing  boxes  of  the  main 
ses.  The  area  of  each  lock  chamber  is  so  great  that  it 
[ires  only  an  additional  depth  of  84"  to  give  an  extra  load  of 
3r  of  100  tons,  which  Is  sufficient  for  ordinary  operation.  The 
tion  to  this  weight  will,  of  course,  have  the  effect  of  accelerat- 
the  time  of  the  relative  change    in    position  of  the  chambers. 

ordinary  time  required  in  raising  the  chamber  through  the 
le  elevation  is  about  two  minutes.  But  this  will  depend  upon 
adjustment  of  the  main  glands,  the  nicety  of  the  working  of 
guides,  and  the  manipulation  of  the  main  valve  in  the  hands  of 
lockmaster. 

Ln  ordinary  lockage  Is  conducted  in  this  manner:  Suppose  100 
\  of  "  surcharge  "  has  been  found  to  give  sufficient  additional  to 
descending  chamber.  The  uppermost  chamber  will  then  be 
lired  to  stop  with  its  floor  8J''  lower  than  the  bottom  of  the 
er  reach.    On  communication  being  established  with  the  reach. 
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it  receives  from  the  reacli  100  tons  more  than  the  lower  chamber 
contains,  assuming  the  depth  in  both  reaches  to  be  the  same. 
Then  the  total  operations  to  make  the  lockage,  if  the  gates  adjoin- 
ing the  reaches  are  opened  and  the  seal  tubes  are  inflated,  consists 
in  hauling  the  vessel  into  the  chamber  and  mooring  her  there 
securely,  closing  the  gates,  deflating  the  seal  tubes,  and  opening  the 
main  valve  between  the  presses.  The  heavier  chamber  then  com- 
mences to  descend,  the  motion  being  allowed  to  increase  gradually 
by  the  gradual  opening  of  the  valve  until  it  reaches  the  maximum 
speed.  At  about  three-quarters  of  the  stroke  the  main  valve  is 
slowly  closed,  communication  between  the  presses  being  entirely 
cut  ofC  when  the  end  of  the  Journey  is  reached.  The  change  in 
elevation  being  made,  the  seal  tubes  are  inflated,  the  gates  are 
opened,  and  the  vessel  or  vessels  are  free  to  go  on  their  Journey, 
after  being  towed  out  by  the  capstans.  The  **  surcharge  "  contained 
in  the  descending  chamber  simply  flows  out  into  the  lower  reach, 
while  a  similar  quantity  to  perform  the  next  lockage  is  admitted 
Into  the  chamber  which  has  Just  reached  the  higher  elevation. 

The  record  lockage,  so  far,  at  the  Peterborough  lock  is  6i 
minutes,  being  the  whole  time  from  the  stopping  of  the  vessel  In 
the  lower  reach  to  her  proceeding  on  her  Journey  under  her  own 
steam  in  the  upper  one. 

It  Is  a  matter  of  regret  that  time  will  not  permit  any  more  than 
a  very  brief  general  description  of  these  immense  engineering 
works.  From  this  description,  however,  it  will  be  seen  that  in  order 
to  have  the  finished  structure  successful  In  operation,  accuracy  from 
start  to  finish  must  have  been  constantly  in  mind.  This  fact,  more 
than  all  others,  probably,  was  impressed  upon  the  author  during  the 
progress  of  the  work — Eternal  Vigilance  is  th^  Price  of  Accuracy, 
and  Accuracy  Is  the  Price  of  Successful  Operation  in  a  Hydraulic 
Lock. 


EorioK's  Note — The  author  of  this  paper  has  furnished  a  com- 
plete set  of  general  drawings  of  each  of  the  two  Canadian  hydraulic 
locks.  These  are  so  large  and  of  such  elaborate  detail  that,  con- 
sidering the  very  gi'eat  expense  entailed  In  their  reproduction  in 
the  transactions,  the  author  has  suggested  that  they  be  filed  in 
the  Library  for  reference.  The  Secretary  has  acted  upon  this  sug- 
gestion, and  has  placed  the  prints  in  the  Library  so  they  may  be 
available  to  the  members. 
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TORONTO'S  EXPERIENCE  WITH  CONDUITS. 

With  a  Description  of  Methods  Adopted  In  Laying  the 
6-Foot  Steel  Conduit. 

By  C.  L.  Fellowes. 

In  the  year  1872,  an  Act  was  passed  authorizing  the  city  of 
onto  to  construct  water  works. 

The  Commissioners,  after  consulting  Messrs.  T.  C.  Keefer,  of 
awa,  and  E.  G.  Chesbrough,  of  Chicago,  decided  to  adopt  the  plan 
ommended  by  them,  viz.,  to  construct  a  filtering  basin  on  the 
th  shore  of  the  Island  in  the  vicinity  of  the  Light  House,  located 
ut  80  feet  back  from  the  shore  line.  This  basin  was  constructed 
[le  2,700  feet  in  length  parallel  to  the  shore  with  an  arm  running 
ind  a  distance  of  about  400  feet.  The  dimensions  were  24  and 
feet,  bottom  and  top  widths,  with  a  depth  of  13.6  inches  below 
0  level  of  lake.  A  4-foot  wooden  conduit  conveyed  the  water 
listance  of  6,000  feet  to  a  connecting  crib  at  Hanlan's  Point; 
m  this  crib  it  was  carried  to  the  engine  house  well  at  the  foot 
John  Street,  through  4,095  feet  of  3-foot  cast  iron  flexible  jointed 
e.     This  work  was  completed  in  1875. 

An  attempt  was  made  during  the  winter  of  1875,  between 
I'ember  and  December,  to  ascertain  what  quantity  of  water  the 
in  could  supply  by  filtration.  In  making  this  test  the  water 
5  drawn  down  about  7  inches  below  the  top  of  the  4-foot  wooden 
e,  which  brought  a  considerable  length  of  it,  some  2,500  feet, 
the  surface.  This  was  occasioned  by  the  contractor's  neglect 
cover  it  with  sand  to  the  depth  specified.  The  test,  however, 
lonstrated  that  about  4%  million  gallons  per  diem  could  be 
aiued,  or  about  1  million  gallons  more  than  the  consumption 
24  hours.  In  order  to  increase  this  quantity,  in  1877  two  cuts 
'e  made  out  into  the  lake  a  distance  of  about  300  feet,  in  one 
which  was  placed  a  4-foot  wooden  pipe,  bored  with  2-inch  augur 
es  spaced  about  a  foot  apart,  and  covered  with  gravel.  The 
er  cut  was  filled  with  small  boulders  and  flat  stones  topped 
h  gravel.  With  these  additions  it  was  found  that  10  million 
Ions  could  be  obtained. 

These  two  cutg  worked  admirably  for  about  a  year,  till  1878, 
en  they  failed.  On  examination  they  were  found  to  be  com- 
tely  choked  with  sand,  the  department  eventually  being  forced 
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to  abandon  the  basin  and  obtain  the  supply  at  Hanlan's  Crib,  until 
such  time  as  a  pipe  could  be  laid  out  into  the  lake. 

It  was  not  till  the  year  1881  that  work  was  commenced  on 
what  is  known  as  the  Lake  Extension,  the  whole  work  being 
completed  the  following  year.  This  extension  consisted  of  some 
2,300  feet  of  6-foot  wooden  conduit,  built  up  in  lengths  of  100  feet, 
and  constructed  entirely  of  oak  staves,  banded  together  with 
wrought-iron  hoops  3"  x  %,",  spaced  2  feet  apart,  the  pipe  terminating 
in  an  inlet  crib  40  feet  square,  11  feet  high,  in  30  feet  of  water, 
with  a  centre  well  10  feet  square,  covered  with  a  grating  into  which 
the  conduit  opens.  The  portions  of  the  pipe  not  protected  by 
sand  covering  were  anchored  in  position  by  cribs  22  feet  square, 
filled  with  stone  and  spaced  100  feet  apart. 

In  1884  the  manager  reported  the  daily  consumption  to  be 
about  12  million  gallons  and  the  capacity  of  the  conduit  system 
under  the  maximum  head  available  during  periods  of  low  water 
about  13i  million  gallons  per  day,  to  increase  which  he  recom- 
mended the  laying  of  a  4-foot  cast  iron  pipe  from  the  engine 
house  well  to  the  ehore  crib,  a  distance  of  10,500  feet  It  was  not. 
however,  till  the  year  1889  that  any  action  was  taken,  the  work 
then  decided  on  consisting  of  the  laying  of  a  5-foot  steel  pipe  from 
the  shore  crib  to  Hanlan's  crib,  a  distance  of  a  little  over  6,000 
feet  and  a  4-foot  steel  pipe  with  flexible  Joints,  from  Hanlan's 
crib  to  the  engine  house  well,  some  4,400  feet  more.  It  was  also 
decided  to  extend  the  6-foot  intake  pipe  some  365  feet  farther  into 
the  lake,  where  the  water  was  75  feet  deep,  the  new  intake  being 
constructed  with  the  opening  some  25  feet  above  the  bottom  or  50 
feet  below  the  surface  of  the  lake.  This  work  was  completed 
about  August,  1891. 

It  was  believed  that  with  the  above  improvements  completed, 
the  city  could  rely  on  obtaining  a  supply  of  about  40  million 
gallons  per  day,  or  sufficient  for  a  population  of  about  400,000  con- 
suming 100  gallons  per  head  per  day.  As  the  system  then  stood 
it  consisted  of  2,300  feet  of  6-foot  wooden  conduit  out  into  the  lake 
with  an  extension  of  365  feet  of  6-foot  steel  conduit,  then  6,060 
feet  of  5-foot  steel  conduit  to  Hanlan's  crib  and  4,400  feet  of  4-foot 
steel  conduit  and  about  the  same  length  of  3-foot  cast  iron  pipe 
from  Hanlan's  crib  to  the  engine  house  well. 

In  the  fall  of  1892,  repairs  required  at  the  engine  house  well 
necessitated  the  removal  of  the  screens  of  the  well,  which  were 
taken  to  the  shore  crib  and  placed  directly  over  the  entrance  to 
the  5-foot  steel  pipe,  a  man  being  engaged  to  keep  the  screens  free 
from  weeds  entering  from  the  lake.  This,  unfortunately,  was  not 
done  carefully  enough,  the  result  being  that  the  entrance  to  the 
pipe  became  blocked  with  weeds,  thus  cutting  off  the  supply,  and 
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Lusing  1,400  feet  of  the  4-foot  pipe  north  of  Hanlan's  to  come 
»  the  surface,  with  sufficient  force  to  break  its  way  through  six 
ichee  of  ice,  the  5-foot  pipe  also  rising  in  two  places  for  a  dis- 
mce  of  100  feet  each.  It  might  here  be  stated  that  up  to  the  time 
f  the  accident,  the  Water  Works  Department  was  not  under  the 
mtrol  of  the  Engineer's  Department,  but  immediately  after  the 
ngineer's  Department  was  given  control  and  the  necessary 
(pairs  completed. 

The  examinations  made  of  the  conduit  discovered,  first,  that  the^ 
eel  lake  extension,  which  had  been  resting  on  trestles  part  of 
B  length,  had  broken  in  two  and  was  lying  on  the  bottom  and 
lied  with  sand.  Second,  that  the  level  at  which  the  5-foot  pipe 
as  laid  would  not  admit  of  more  than  27  or  28  million  gallons  of 
ater  passing  through  it  during  periods  of  low  water. 

The  city,  prior  to  this  rising,  had  been  troubled  with  a  large 
lantity  of  sand  coming  into  the  engine  house  well,  which  was 
itributed  to  a  break  in  the  old  4-foot  wooden  pipe  at  Hanlan's 
oint,  caused  by  driving  a  pile  through  the  pipe  in  extending  one 
I  the  docks  there,  so  that  no  further  trouble  was  anticipated  after 
le  repairs  had  been  made  to  the  breaks  in  the  steel  pipe,  the 
foot  steel  lake  extension  restored,  and  the  screens  removed  from 
le  shore  crib  to  the  engine  house  well.  Further  examinations, 
owever,  of  the  6-foot  conduit  from  the  shore  crib  outwards 
rought  to  light  several  openings  at  the  joints,  which  were  not 
alted  together  properly  (in  one  case  there  were  no  bolts  coupling 
le  pipe),  and  that  there  was  a  deposit  of  2)  feet  of  sand  in  the 
[pe,  extending  at  least  from  the  shore  crib  to  a  point  about  800 
r  900  feet  south  or  as  far  as  the  diver  dare  venture  in.  To  re- 
tove  this  sand,  manholes  were  sunlt  to  the  top  of  the  pipe,  and 
penings  made,  into  which  the  suction  of  a  centrifugal  pump  was 
itroduced  (the  diver  manipulating  it),  and  the  sand  pumped  out 
St  ween  the  shore  crib  and  the  lake  shore.  It  was  not  possible 
»  extend  the  pumping  out  into  the  lake,  so  that  any  sand  beyond 
le  shore  had  to  be  left,  although  it  was  known  to  be  there. 

On  the  5th  September,  1895,  with  the  water  in  the  lake  13^^ 
tches  below  zero,  2%  feet  of  sand  in  the  6-foot  conduit  and  a 
ater  logged  plank  3"  x  16"  x  8'  6"  standing  vertically  in  the  con- 
nit  at  the  lake  shore  manhole,  the  combination  proved  more  than 
le  system  could  stand  and  the  5-foot  pipe  rose  in  two  places  and 
le  4-foot  pipe  in  one,  cutting  off  the  supply.  Temporary  relief  was 
btalned  by  separating  the  4-foot  pipe  north  of  Hanlan's  so  as  to 
lovide  water  for  flres  or  flushing  sewers,  a  limited  domestic 
ipply  being  maintained  by  water  waggons.  There  being  reason 
)  fear  a  further  fall  in  the  lake  (it  dropped  to  25  Inches  below 
>ro),  the  means  taken  to  maintain  the  supply  were  as  follows  : — 


, 
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The  old  4-foot  wooden  pipe  was  connected  to  the  shore  crib  and  at 
a  point  2,500  feet  north  of  the  shore  crib  a  small  basin  was  con- 
structed. Both  the  4-foot  wooden  and  5-foot  steel  conduits  were 
opened  and  disconnected  in  this  basin  and  made  to  discharge  the 
water  delivered  by  them  into  it,  the  supply  from  this  point  going 
to  the  city  through  the  5-foot  steel  conduit  as  formerly.  The 
effect  of  this,  in  the  reduction  of  friction  head,  was  the  same  as 
if  the  lake  level  had  been  raised  two  feet  After  the  repairs  were 
completed  the  conduits,  where  there  was  danger  of  their  again 
rising  from  any  cause,  were  covered  with  an  embankment,  and  an 
electrical  alarm  and  float  placed  in  Hanlan's  crib  and  connected 
with  the  main  pumping  station. 

Mr.  Mansergh  having  reported  in  favor  of  Mr.  Keating's  re- 
commendation of  a  tunnel  under  the  Bay,  connected  with  a  6-foot 
steel  conduit  carried  across  the  Island  and  out  into  the  lake,  as 
the  proper  means  of  supplying  the  city  needs,  contracts  were  let 
in  1896  for  the  construction  of  the  pipe,  tanks,  flexible  Joints  and 
connections,  necessary  for  carrying  a  new  6-foot  steel  conduit  out 
into  the  lake  and  connecting  It  with  the  5-foot  steel  conduit  and 
4-foot  wooden  conduit  at  the  existing  shore  crib.  Contracts  were 
also  let  for  laying  these  and  the  work  was  completed  by  the  14th 
September,  1898.  In  doing  this  work  the  contractor  was  required 
to  disconnect  the  365  feet  of  6-foot  steel  conduit  from  the  old 
6-foot  wooden  conduit  and  connect  it  to  the  new  6-fJot  steel  con- 
duit, the  construction  of  a  new  intake  and  365  feet  of  steel  conduit 
being   thereby   rendered  unnecessary. 

In  1904,  the  city  determined  to  proceed  with  the  construction 
of  the  tunnel  under  the  bay  and  the  6-foot  steel  conduit  from  the 
shore  crib  across  the  Island  to  the  south  tunnel  shaft.  Contracts 
were  accordingly  let  for  the  construction  and  delivery  of  the 
6-foot  conduit  and  the  necessary  valves  and  expansion  Joints. 
The  coiidnit  was  specified  to  be  of  *L.-inch  "P.ailway  Bridge"  steel, 
rivetted  tcgether  in  60-foot  lengths,  having  5"  x  5"  x  1"  steel  flanges 
drilled  for  forty-four  1^-inch  bolts  with  lead  gaskets,  each 
length  of  pipe  to  be  tested  to  a  pressure  of  25  lbs.  per  square  inch 
and  to  be  coated  both  inside  and  out  with  mineral  rubber  asphalt 
at  a  temperature  of  300  degrees.  It  was  constructed  in  Pittsburgh, 
as  were  also  the  expansion  Joints;  the  valves,  of  which  there  were 
two  6-foot  and  two  5-foot,  being  built  by  the  Bertram  Engine 
Works  of  Toronto.  As  nearly  all  the  material  was  delivered  on 
the  site  of  proposed  work  by  September  of  1904,  tenders  were 
called  for  the  laying  of  the  conduit  and  the  work  awarded  to  Mr. 
Frank  Simpson,  of  Toronto,  a  member  of  this  Society.  The  plant 
used  consisted  of  one  land  clam  shell  dredge  or-derrick  ;  one  float- 
ing clam  shell  dredge  ;    a  dipper  dredge  (not  much  used)  ;     a  pile 
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riving  scow  of  unusual  construction  ;  a  couple  of  scows  for  divers 
1  work  from,  and  a  pontoon  for  lowering  the  pipe  in  place,  con- 
tructed  of  two  of  the  60-foot  lengths  of  steel  conduit  with  buttons 
n  each  end,  made  perfectly  watertight  and  held  in  place  by  means 
f  wooden  saddles  placed  at  intervals  transversely  with  a  space 
etween  of  sufficient  width  to  enable  a  length  of  pipe  to  be  floated 
1,  the  buttons  taken  ofC  and  the  pipe  lowered  in  place  by  winches. 
The  contractor  commenced  work  at  the  north  side  of  the  shore 
rib  (where  the  land  clam  shell  was  built),  uncovering  the  branch 
n  the  north  side  of  the  shore  crib  provided  for  this  extension, 
[)  that  a  flexible  joint  could  be  connected  to  start  the  conduit  in 
[le  direction  required  ;  the  trench  was  at  this  point  about  15  feet 
eep  from  the  surface  of  the  ground  and  about  80  feet  wide  on 
)p  and  not  less  than  12  feet  on  the  bottom.  The  material  con- 
Isted  of  sand  and  gravel,  chiefly  sand.  The  excavation  was 
pecifled  to  be  carried  down  2  feet  below  the  grade  line  of  the 
ottom  of  conduit  and  at  the  joints  not  less  than  5  feet,  to  enable 
tie  divers  to  screw  up  the  bolts  and  nuts  on  the  under  side  as 
/ell  as  to  enable  the  inspector  to  examine  the  same.  As  soon  as 
tie  excavation  liad  advanced  sufficiently,  the  pile  driver  was 
rought  up  and  work  commenced  on  driving  the  pile  bents  upon 
rhich  the  pipe  was  laid.  The  bents  were  spaced  20  feet  between 
entres.  The  piles  were  10  feet  long  and  spaced  6  feet  centre  to 
entre  and  held  together  with  a  12  x  12  cap  6  feet  long,  rag  bolted 
3  the  head  of  each  pile.  £«ach  set  was  brought  up  and  placed  in 
tie  lowering  frame,  a  piece  of  pipe  attached  to  hose  of  sufficient 
mgth  and  connected  with  the  force  pump,  was  lashed  alongside 
ach  pile  and  as  soon  as  the  frame  carrying  the  bent  rested  on 
he  bottom  and  was  in  proper  alignment,  the  pumping  began.  In 
rder  to  prevent  the  bents  from  floating  up  during  pumping 
Derations  two  hammers  weighing  about  a  ton  each  were  lowered 
n  the  cap  immediately  over  the  head  of  each  pile.  A  level  and 
od  with  a  disc  were  used  to  set  the  piles,  the  rod  resting  on  the 
ap,  and  on  a  signal  from  the  leveller  the  pumps  were  stopped  as 
oon  as  the  bents  were  within  6  inches  of  the  correct  level,  the 
ist  five  or  six  inches  being  hammer-driven  without  the  use  of  the 
ump.  Sometimes  a  bed  of  large  gravel  would  be  struck,  in 
7hlch  case,  if  sufficient  pressure  could  rot  be  obtained,  the 
ammers  were  raised  two  or  three  feet  and  dropped  on  the  piles 
111  driven  through  it.  In  the  meantime  men  were  employed 
lacing  buttons  on  the  ends  of  pipe  ready  for  launching,  and  when  a 
ufficient  number  of  piles  had  been  driven,  the  pontoon  with  the 
ipe  in  slings  was  brought  up,  the  gaskets  fastened  on  with  thin 
rire  and  the  pipe  lowered  by  winches,  the  diver  inserting  four 
Dng  bolts  and  drawing  the  pipes  together,  when  the  slings  were 
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cast  off  and  the  remaining  bolts  put  In  and  screwed  up.  Three 
divers  were  employed,  two  completing  the  Joint  and  the  third 
coupling  the  next  length  of  pipe  ahead. 

The  conduit  as  laid,  extends  from  the  shore  crib  to  the  south 
tunnel  shaft,  having  a  6-foot  valve  placed  just  north  of  the  small 
basin,  with  the  5-foot  branch  and  valve  connecting  with  the  basin, 
a  second  branch  and  a  5-foot  valve  being  inserted  about  300  feet 
south  of  the  tunnel  shaft 

The  5-foot  branch  with  valve  opposite  the  basin  was  provided 
in  order  to  utilize  the  new  6-foot  conduit  to  this  point,  by  allow- 
ing it  to  discharge  into  the  basin  till  such  time  as  the  tunnel  was 
completed. 

As  soon  as  the  conduit  was  covered  as  far  as  the  basin,  the 
6-foot  valve  Just  north  of  the  basin  was  closed  and  the  pipe  be- 
tween the  shore  crib  and  the  basin  pumped  out  and  carefully 
examined  from  the  inside.  Any  small  leaks  found  were  then 
caulked. 

Just  before  bringing  this  portion  of  the  conduit  into  use,  it 
was  flushed  out  with  clean  water  and  the  entire  surface  scrubbed 
down  with  brooms,  after  which  it  was  filled  and  the  5-foot  valve 
on  the  connection  into  the  basin  opened. 

It  might  be  of  interest  to  know  that  the  greatest  number  of 
pile  bents  driven  in  a  day  was  eleven,  and  generally  two  pipes 
were  laid  during  the  same  time.  Anchor  piles,  20-ft.  long  were 
also  driven  where  the  pipe  crossed  open  channels  upon  which  it 
was  impossible  to  place  fillings.  These  piles  were  driven  one  on 
each  side  of  the  pipe  with  a  timber  bolted  to  them  over  the  top^ 
of  the  pipe  to  hold  it  down,  and  at  the  level  of  the  bottom  of  the 
excavation  a  stick  of  timber  8  feet  long,  placed  lengthwise  of  the 
pipe,  was  bolted  to  each  pile,  forming  an  anchor  or  dead  man. 
The  anchor  piles  were  spaced  longitudinally  15  feet  apart  and  the 
filling  carried  up  to  the  level  of  the  top  of  the  pipe. 

The  cost  of  the  steel  pipe  delivered  in  Toronto  was  $14.48  per 
linear  foot.  The  cost  of  each  expansion  Joint  was  $586.00;  the 
6-foot  fiexible  Joint  $400.00;  the  6-foot  valves  $1,580.00  each;  the 
5-foot  valves  $1,020.00  each.  The  cost  of  the  pipe  includes  the  cost 
of  some  seven  or  eight  manholes  and  two  branches.  The  contract 
price  for  laying  it  was  $84,745.00. 
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FORMULAS  FOR  REINFORCED  CONCRETE  BEAMS. 
By  Henby  Goldmabk,  M.  Can.  Soc.  C.  E. 

The  rise  of  reinforced  concrete  is,  perhaps,  the  most  interesting 
phenomenon  of  the  past  decade  in  the  field  of  constructive  engineer- 
ing. Since  the  introduction  of  Bessemer  end  open  hearth  steel  into 
bridge  huilding,  twenty  years  ago,  there  has  been  no  invention  of 
equal  importance  to  the  civil  engineer  and  architect. 

Apart  from  bridges  of  very  long  span,  there  is  hardly  a  branch 
of  heavy  construction  to-^ay  in  which  concrete,  with  or  without 
metallic  reinforcement,  is  not  largely  employed  in  place  of  timber^ 
caet  iron,  steel  or  masonry. 

This  development,  as  is  well  known,  is  of  very  recent  growth. 
Even  ten  yeare  ago  concrete  steel  construction  was  quite  in  its 
infancy.  To-day  only  the  most  conservative  engineers  rule  It  out 
altogether,  although  there  is  naturally  much  difference  of  opinion 
as  to  its  proper  field.  So  rapid  a  rise  is  in  itself  a  proof  that  this 
new  material  must  possess  many  advantages.  Its  strong  points  are 
indeed  not  far  to  seek. 

Advantages  op  Reinforced  Concrete. — ^Reinforced  concrete 
combines  the  resistance  to  fire  and  the  low  cost  of  maintenance 
which  we  find  in  the  best  masonry,  with  great  tensile  as  well  as 
compressive  strength.  It  has  also  a  comparatively  high  degree  of 
elasticity,  so  that  it  can  be  deformed  considerably  without  fracture, 
a  property  of  the  utmost  importance  in  a  structural  material. 
Besides  this,  it  is  economical  in  first  cost  as  compared  with  other 
fireproof  and  permanent  materials.  In  buildings  concrete  steel  is 
used  in  beams,  girders,  columns,  fioors,  partitions  and  even  outside 
walls.  It  is  usually  cheaper  than  steel  protected  by  fireproofing, 
and  not  much  dearer  than  timber  mill  construction.  The  saving  in 
insurance  premiums  alone  will  frequently  off-set  the  extra  cost. 
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To  the  bridge  engineer  reinforced  concrete  has  proved  of  great 
value.  In  railroad  work  It  is  used  very  generally  for  culverts  and 
arches  under  embankments,  and  other  abort  spans.  These  designs 
are  safer  and  more  permanent  than  timber  trestles  or  open  bridges 
with  steel  beams  and  wooden  ties.  Their  maintenance  costs  almost 
nothing. 

For  highway  bridges,  both  of  long  and  short  span,  the  reinforced 
concrete  arch  has  no  equal  for  economy  combined  with  aesthetic 
value. 

In  other  structures,  such  as  retaining  walls,  dams,  etc.,  hitherto 
built  of  solid  masonry,  which  depends  entirely  upon  its  weight  for 
stability,  the  tensile  strength  of  reinforced  concrete  has  led  to  new 
and  more  economical  designs,  in  which  the  stresses  are  more 
rationally  distributed. 

Objections  to  Reinforced  Concrete. — Although  steel  concrete 
is  now  so  widely  used,  and  its  economy  is  generally  admitted,  there 
is  still  much  discussion  as  to  its  permanence  and  reliability.  It 
may,  therefore,  be  of  interest  to  mention  some  of  the  objections 
commonly  made,  and  to  discuss  them  briefly. 

The  points  to  be  considered  fall  under  these  headings: 

The  permanence  of  steel   concrete,  more  especially  the   lia- 
bility of  the  steel  to  corrosion  in  outdoor  structures. 

The  uniformity  and  reliability  of  the  concrete  itself. 

The  proper  designing  of  reinforced  concrete  structures   and 
the  calculation  of  stresses. 

With  regard  to  the  permanence  of  steel  concrete,  I  believe  that 
most  American  engineers,  at  least,  are  now  well  satisfied  that  the 
metal  is  fully  protected  if  the  concrete  covering  is  of  sufficient 
thickness.  Some  eminent  engineers,  however,  do  not  think  that 
our  experience  in  this  respect  is  long  enough  to  permit  a  definite 
conclusion  to  be  reachedr  Sir  Benjamin  Baker,  for  instance,  ia  a 
recent  discussion  before  the  Institution  of  Civil  Engineers,  ex- 
pressed the  opinion  that  a  test  extending  over  twenty  years  would 
be  required  to  settle  this  question.  Our  experience  with  reinforced 
concrete  hardly  extends  over  twenty  years,  but  a  considerable 
amount  of  iron  and  steel  has  been  in  use  embedded  in  cement  mortar 
in  various  suspension  and  truss  bridges  and  in  buildings  for  fifty 
years  or  more.  The  subsequent  demolition  of  some  of  these 
structures  has  given  many  good  opportunities  for  observing  the 
<:ondition  of  the  metal  work.  These  observations  have  been  very 
reassuring  as  to  the  permanence  of  the  embedded  iron.  The  writer 
has  examined  several  buildings  of  this  kind  while  they  were  beins 
torn  down,  and  has  been  much  struck  with  the  uniformly  perfect 
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eservation  of  the  iron,  even  under  seemingly  adverse  conditions. 

I  modern  reinforced  construction,  the  steel  is  far  more  carefully 
otected  than  in  the  older  bridges  and  buildings  Just  referred  to» 
id  should  be  even  less  liable  to  corrosion.  Concrete  steel  has 
it  been  long  in  general  use  and,  of  course,  few  complete  struc- 
res  have  been  demolished  to  make  place  for  new  ones.  Still, 
Emy  beams,  slabs,  etc.,  have  been  cut  into  or  entirely  taken  down, 
t  in  the  author's  experience,  very  few  cases  have  been  observed 

which  the  steel  has  become  seriously  corroded. 
It  is,  of  coui-se,  not  impossible  that  a  longer  and  wider  ex- 
rlence  may  give  less  favourable  results,  but  this  does  not  seem 
all  probable.  There  is  no  apparent  reason  why  structures  that 
ve  stood  uninjured,  say  for  five  years,  in  exposed  positions,  should 
teriorate  later  since  the  strength  as  well  as  the  impermeability 
concrete  is  not  impaired  but  rather  increased  by  age.  It  seems, 
Brefore,  that  even  with  our  present  experience  we  may  feel  quite 
nfident  that  the  steel  reinforcement  will  be  indefinitely  preserved, 
lile  the  durability  of  Portland  cement  concrete  itself  is,  of  course, 
rdly  open  to  question. 

The  second  point  to  be  considered  Is  the  tmlformity  and 
iaMlity  of  the  concrete  Itself. 

Concrete  is  not  a  new  material,  but  has  been  iised  for  fifty  years 
more  though,  i)erhaps,  not  very  extensively.  Of  late  years,  its 
operties  have  been  studied  more  carefully  by  scientific  methods 
th  a  view  to  greater  economy  and  certainty  in  its  composition. 
)re  especially,  an  interesting  series  of  experiments  has.  recently 
?n  made  in  France  and  the  United  States  on  the  effect  which  the 
ative  fineness  or  coarseness  of  the  aggregate  has  on  the  strength 
the  concrete.  Many  other  points  are  being  studied  with  equal 
^roughness. 

There  are  still  many  unexplained  problems  and  Indefinite  room 
'  further  study,  but  even  now  the  strength  of  concrete  of  given 
^portions  can  be  predicted  with  considerable  accuracy,  and  a 
fe    minimum    strength    assumed    in    designing.      Individual    tests 

II  naturally  show  variations  In  strength,  though  less  than  those 
It  prevail  in  the  case  of  timber  and  not  much  greater  than 
owed  by  the  best  specifications  for  structural  steel. 

It  is  often  asserted,  that  even  when  the  cement  and  aggregates 
i  carefully  selected  and  the  workmanship  good,  unexpected  weak- 
jses  are  likely  to  occur,  and  doubtless  this  sometimes  happens, 
similar  criticism  was  frequently  made  In  the  case  of  structural 
el.  Some  fifteen  or  twenty  years  ago.  when  steel  was  first  com- 
:  Into  use  for  bridgework.  Its  unreliable  character  as  compared 
:h  wrought  iron  was  much  dwelt  upon.  Some  of  the  most  emi- 
it  engineers  adopted  the  new  material  with  hesitation,  and  their 
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early  specifications  were  almost  prohibitive.  Occaflitmal  fractures 
in  steel  bars  that  occurred  during  manufacture  and  erection  were 
often  cited  as  proving  the  unreliable  character  of  structural  steel. 
It  is  quite  true  that  we  now  use  a  softer  grade  of  steel,  but  even 
In  the  earlier  bridges,  failures  in  completed  structures  due  to  the 
brlttleness  of  the  material  were  practically  unknown. 

Fractures  in  steel  plates  not  easy  to  explain  still  occur  to  some 
extent,  but  the  reliability  of  strucural  steel  is  no  longer  seriously 
questioned  by  anyone,  and  its  superiority,  even  in  this  respect,  over 
commercial  wrought  iron   is,  to-day,   generally  admitted. 

Ck)ncrete,  plain  and  reinforced,  like  other  forms  of  construction, 
must  be  made  from  carefully  selected  material  of  proper  composi- 
tion. Its  manipulation  must  be  conscientious,  but  does  not 
require  any  unusual  amount  of  intelligence.  If  a  certain  proportion 
of  cement  end  aggregates  mixed  in  a  certain  way  gives  good 
results  at  one  time,  it  can  hardly  fail  to  do  so  at  another.  Uniform 
and  reliable  cements  are  readily  obtained  and  most  localities 
furnish  sufficiently  clean  sand,  gravel  or  crushed  stone  to  do 
excellent  concrete  work.  With  even  ordinarily  good  management 
weak  or  badly  set  concrete  should  be  a  matter  of  the  very  rarest 
occurrence. 

As  in  all  other  forms  of  construction,  good  workmanship  and 
careful  inspection  are  requisite  for  the  best  results,  but  the  mono- 
lithic character  of  concrete  work  is  greatly  in  its  favour.  The 
continuity  between  the  different  beams  and  girders  and  floor  slabs 
in  a  building  adds  greatly  to  their  strength  and  minimizes  the 
risk  from  local  weakness.  In  this  respect,  concrete  construction  is 
probably  superior  to  most  structural  steel  work,  the  strength  of 
which  depends  largely  on  ri vetted  or  bolted  connections. 

Different  Classes  of  Structures.— Designing  in  concrete  steel 
involves  much  more  than  merely  the  calculation  of  stresses  and  re- 
quires careful  study  and  good  practical  judgment.  There  is  as  yet  no 
general  agreement  as  to  the  best  shapes  for  reinforcing,  and  there 
is  much  variation  in  arranging  them.  Nevertheless,  considerable 
experience  has  been  gained,  and  many  actual  tests  have  been  made, 
so  that  the  safe  load  which  a  beam,  arch  or  column  will  carry  can 
to-day  be  computed  with  much  accuracy. 

It  is  beyond  the  scope  of  this  paper  to  treat  in  detail  the  different 
forms  of  concrete  steel  construction.  They  may,  however,  be 
divided  into  a  few  general  classes,  so  that  the  principles  involved 
in  the  calculation  of  stresses  are  comparatively  few. 

The  object  in  reinforcing  any  concrete  construction  is,  of  course, 
to  increase  its  strength  over  that  of  plain  concrete.  The  latter  has 
a  high  compressive  but  little  tensile  and  shearing  strength.  Hence, 
steel  is  mainly  used  where  there  are  considerable  tensile  and  shear- 
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stresses,  although  in  some  cases  It  is  also  used  to  strengthen 

Crete  in  compression. 

Pensile  stresses  may  occur  by  themselves,  as  in  tie  rods  and 

tension  members  of  skeleton  trusses,  or  else  in  combination 
ti  compressive  and  shearing  stresses.  Some  concrete  trusses 
e  lately  been  built  like  lattice  girders  in  which  the  tension 
i^onals  and  bottom  chords  (and  also  the  top  chords),  contain 
)\  embedded  in  concrete,  while  the  compression  members  are  of 
n  concrete,  but  this  form  of  construction  is  very  exceptional, 
^.s  noted  above,  steel  is  also  used  in  purely  compression  members 
h.  as  columns  in  buildings.  In  this  case  the  metal  may  be  dis- 
Bd  in  one  of  two  ways.  In  the  first  method  it  consists  of  vertical 
s,  placed  as  a  rule  near  the  outer  circumference  of  the  column. 
i  steel  is  supposed  to  carry  part  of  the  load  by  compression,  the 
:  being  supported  directly  by  the  concrete. 
[n  the  second  method  the  steel  ig  used  far  more  efficiently   in 

shape  of  a  helicoidal  wrapping  surrounding  the  concrete.  The 
^1  here  is  really  used  in  tension.  When  the  column  Is  loaded, 
nevitably  shortens  longitudinally  and  tends  to  spread  laterally. 
i  spiral  wrapping  resists  this  lateral  expansion,  keeps  the  con- 
:e  from  splitting  and  thus  greatly  increases  the  supporting 
rer  of  the  column. 

By  far  the  greatest  use  of  steel  concrete  is  however  in  members 
ject  to  cross  bending,  so  that  there  is  both  tension  and  com- 
ssion  in  the  same  cross  section.  This  occurs  in  beams  and 
lers  of  all  kinds,  in  arches  under  moving  loads,  and  in  many 
Br  places. 

Beam  Formulas. 

rhe  remainder  of  this  paper  is  devoted  to  a  brief  account  of  the 
hods  for  calculating  the  stresses  iu  reinforced  concrete  beams. 
Many  different  formulas  have  from  time  to  time  been  published 
this  purpose,  of  which  some  are  based  on  theoretical  considera- 
is  while  others  are  merely  empirical  summaries  of  a  limited 
Qber  of  experiments. 

Fhose  of  the  second  class  have  a  certain  value  for  comparing  the 
ilts  of  actual  tests,  but  are  not  adapted  for  general  use. 
rhe  theoretical  formulas  apparently  differ  greatly  in  principle, 
this  is  due  largely  to  the  use  of  different  symbols  for  the  same 
Qtities  and  to  different  algebraic  arrangements  This  multi- 
ation  of  methods  is  to  be  regretted,  as  it  has  led  many  engineers 
Distrust  the  results  of  a  calculation  on  which)  the  experts  appear 
differ  so  widely. 

V  number  of  the  best  known  formulas  are  given  below,  using  the 
le  symbols  throughout    It  has  occurred  to. the  writer  that  it 
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might  be  of  interest  to  show  how  readily  they  can  be  derived  from 
a  few  general  principles,  although  they  may  differ  in  arrangement 
and  in  the  value  of  the  constants  used. 

The  correctness  of  any  theory  or  formula  of  the  kind  depends, 
of  course,  entirely  on  its  agreement  with  actual  testa.  Many  labor- 
atory tests  have  been  made  both  in  Europe  and  America,  and  also 
many  individual  tests  in  connection  with  building  operations.  As  is 
always  the  case  where  tests  by  different  experimenters  are  com- 
pared there  are  many  difiorepancies,  and  a  systematic  series  of 
experiments  on  a  large  scale  would  be  very  desirable. 

Still,  even  with  our  present  knowledge,  the  agreement  between 
the  theoretical  and  actual  breaking  strengrth  of  a  beam  is  suffi- 
ciently close  for  practical  purposes,  if  the  grade  of  concrete  and 
the  strength  of  the  steel  is  known. 

The  formulas  for  concrete  steel  beams  are  based  on  the  common 
theory  of  flexure  for  homogeneous  material  with  certain  modifica- 
tions. 

These  modifications  result  from  the  composite  nature  of  the 
beam  and  the  properties  of  cement  concrete  as  distinguished  from 
steel  or  timber. 

In  properly  reinforced  concrete,  the  steel  and  concrete  must  work 
in  unison,  and  the  arrangement  and  proportioning  must  be  such  as 
to  utilize  the  strength  of  both  materials  to  the  limit  of  their 
respective  capacities. 

The  concrete  as  far  as  possible  should  be  used  to  resist  com- 
pressive, and  the  steel  tensile,  stresses,  but  as  the  steel  is  embedded 
in  the  concrete,  it  is  Impossible  to  separate  their  functions  entirely. 

Where  there  is  steel  only  in  the  lower  part  of  the  beam. 
as  is  usually  the  case,  all  compression  will  be  carried  by  the  con- 
crete, but  except  under  certain  extreme  conditions,  the  tensile 
stresses  will  be  carried  in  part  by  the  steel  and  in  part  by  the 
concrete. 

In  structural  steel  beams  the  modulus  of  elasticity  is  practically 
the  same  for  all  grades  of  steel,  and  remains  constant  for  all  stresses 
below  the  elastic  limit,  hence  formulas  can  readily  be  obtained  for 
the  stresses  and  deformations  under  any  given  load. 

The  modulus  of  cement  concrete  on  the  other  hand  depends  on 
the  composition  of  the  concrete,  the  mode  of  mixing,  the  age  of 
the  concrete,  etc.;  furthermore,  it  probably  varies  with  the  unit 
stress  acting  on  the  concrete.  The  neutral  axis,,  which  in  steel 
beams  is  fixed  by  the  geometrical  figure  of  the  cross-section,  in  the 
case  of  concrete  depends  also  on  the  ratio  of  the  modulus  of  the 
steel  to  that  of  the  concrete,  and  the  ratio  of  the  quantity  of  steel 
used  to  that  of  concrete.  The  latter  ratio  is  fixed  for  any  given 
beam,  the  former  varies  with  the  unit  stresses  according  to  laws 
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lich  are  little  known.  Hence,  tli«  position  of  the  neutral  axis 
anges  with  the  loading.  For  this  reason,  it  is  not  feasible  to 
vise  any  general  formula  for  stresses  and  strains  under  different 
irking  loads. 

It  is,  however,  iK>fiflible  to  determine  the  maximum  loading  a 
am  can  carry  without  rupture  and  from  this  to  proportion  beams 
th  proper  factors  of  safety. 

It  is  true,  as  st&ted  above,  that  under  working  loads  the  con- 
5te  usually  carries  part  of  the  tenaile  stresses.  If,  however,  the 
iding  be  gradually  increased,  a  point  will  eventually  be  reached 
which  the  concrete  on  the  tension  side  will  tear  apart,  showing 
e  cracks.  The  beam  will  still  be  far  from  failure,  as  the  tension 
the  steel  at  this  stage  will  usually  be  well  below  the  elastic 
lit  If  the  loading  be  still  further  increased  the  entire  tensile 
SS0  will  now  be  carried  by  the  st»el  reinforcement.  Failure  will 
t  occur  until  the  steel  is  stressed  beyond  its  elastic  limit,  or  the 
icrete  crushed  on  the  compressive  side  of  the  beam.  The  elonga^ 
n  which  the  concrete  itself  can  stand  without  cracking,  appears 
be  somewhat  increased  by  the  reinforcement.  Still,  in  a  well 
>portioned  beam  there  will  usually  be  some  tearing  apart  of  the 
icrete  on  the  tension  side  under  a  load  which  does  not  utilize 
ly  either  the  tensile  strength  of  the  steel  or  the  compressive 
engtfi  of  the  concrete.  Hence,  it  will  result  in  more  economical 
1  still  perfectly  safe  construction,  to  assume  that  at  breakiuR 
ds  all  tensile  stresses  are  resisted  by  the  steel  reinforcements 
!y.  Some  engineers  believe  that  no  appreciable  cracks  appear 
the  concrete  until  the  ela.stic  limit  of  the  steel  has  been  passed 
i  hence  they  take  into  account  the  tensile  resistance  both  of  the 
Crete  and  of  the  steel.  The  tests  on  which  this  view  is  based 
I  await  full  corroboration. 
To  sum  up,  then,  two  different  assumptions  are  made: 

(a)  That  the  steel  carries  ell  tensile  stresses. 

(ft)  That  the  concrete  takes  part  of  them. 

Most  formulas  now  in  use  are  based  on  the  first  assumption,  but 
le  engineers  with  a  high  reputation  as  experimenters  and  prac- 
il   designers,  have  adopted  the  latter  hypothesis  In  calculating^ 


K  second  mooted  point  is  the  shape  of  the  stress  curve,  that  is, 
law  according  to  which  stresses  in  given  cross-sections  vary 
n  zero  at  the  neutral  axis  to  a  maximum  at  the  outer  edge  of  a 
m. 

A.part  from  these  two  points,  the  difference  in  the  various 
nulas  is  largely  a  matter  of  algebraic  arrangements.  There  is, 
oourse,  much  difference  of  opinion  as  to  the  proper  values  for 
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the  working  stresses  and  the  elastic  moduli,  which  should  be  as- 
sumed in  any  given  case.  The  entire  question  will  be  more  clearly 
understood  by  working  out  a  general  formula  and  showing  how 
methods  of  calculation  given  by  different  writers  can  be  derived 
from  it. 

The  most  usual  case  is  a  rectangular  beam  reinforced  on  the 
tension  side  only  and  loaded  vertically.  It  is  assumed  that  the  steel 
adheres  to  the  concrete  and  that  the  two  materials  act  together 
perfectly.  The  fact  that  the  oo-eflacient  of  expansion  of  steel  and 
concrete  is  the  same  mak«s  this  last  assumption  possible.  There 
are  also  supposed  to  be  no  initial  stresses  on  either  material.  As 
in  the  case  of  steel  beams,  sections  plane  before  bending  are  as- 
sumed to  remain  plane  after  bending.  Experiments  appear  to  prove 
this  to  be  correct.  When  the  beam  is  loaded  and  bends,  there  will 
be  compression  extending  down  for  a  certain  distance  from  the 
top,  the  lower  edge  of  this  compression  area  being  the  neutral 
axis.  Below  this  point  the  concrete  is  supposed  to  open  up  and  all 
tensile  stresses  to  be  carried  by  the  steel. 


^rc>S3  3ec//an 


The  preceding  diagram  shows  the  dimensions  of  the  beam  and 
the  position  of  the  reinforcement. 

Let  h  and  h  =    Breadth  and  total  depth  of  beam. 

d  =  The   efficient   depth,    i.e.,    the    depth   to    the 

centre  of  the  steel, 
^j  =  Distance  to  neutral  axis  from  top  of  beam. 
y^  =   Distance  of  centroid  of  compressive  stresses 

from  neutral  axis. 
Xi  =  Compression  of  concrete    (at  top)    per   unit 

of  length. 
X,  =  Extension  of  steel  per  unit  of  length. 
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Ec  =  Modulus  of  elasticity  of  concrete. 
£.  =  Modulus  of  elasticity  of  ateel. 

C  =  Compressive  stress  per   square  inch  on  ex- 
treme fibre  of  concrete  at  maximum  IoskL 
J'  =  Tensile  stress  per  square  inch  in  steel. 
P^  =  Total  compressive  stress  on  cross-section. 
5"  =  Area  of  steel  reinforcement 
j/^  =  Moment  of  resistance  of  cross-section. 
If  Ac  is  taken  as  constant  for  all  stresses,  the  stress  diagram 
will  be  triangular,  as  shown  in  stress  diagram  (A)  Fig.  1.     This 
is  the  case  for  steel,  timber,  or  other  homogeneous  materials.    This 
assumption  is  also  made  very  generally  for  concrete  steel  beams  and 
is  contained   in    the   building  codes   of   most  cities,    and   of   the 
Prussian  and  other  governments. 

This  gives  the  total  compressive  stress  P^^\  Chy  and  the 
distance  from  centroid  to  neutral  axis  y  s  =  §  y^- 

Actual  compressive  tests  in  concrete  seem  to  indicate  that 
the  rectilinear  assumption  is  not  correct  and  that  the  line  of  stress 
is  curved. 

It  is  frequently  taken    as   a    parabola   with    its    vertex  on  the 
neutral  axis  of  the  beam  and  its  axis  vertical 
This   gives   Pc  ^=1  Chy^, 
and  v^  =  l  y^ 
After  making  a  careful  study  of  many  recent  tests  Capt.  John 
S.  Sewall,  U.S.A.,  proposes  as  a  safe  compromise,  a  curve  which 
gives: 

Pc  =8  C6y, 
•and  1^3  =  8  v^ 

Mr.  A.  L.  Johnson  makes  P^   =8  C&y^, 

but  he  also  takes  into  account  the  tensile  tresses  in  the  concrete. 

As  a  general    expression    we   can   use    P^  =»  Chy 

and  y^  =  my^ 

In  homogeneous  beams  the  moment  of  resistance  and  the  stresses 
can  be  found  by  simple  statics. 

The  algebraic  sum  of  the  axial  forces  acting  on  any  cross- 
section  and  also^  the  moments  of  these  forces  about  any  point  in 
the  section  must  equal  zero.  These  conditions  give  two  equations 
which  solve  the  problem.  In  a  composite  beam,  these  two  statical 
equations  are  not  enough.  We  must  add  a  third  taken  from 
elasticity. 
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The  three  equations  thus  found  are  the  following: 

p,    =8T  =  nCl)y^  '  (1) 

^/o  =  Pc  (y,  +  y.)  =  ST  (y,  -h  y.,)  =  Pcy,-\-  ST  y^  (2) 


I 

'  y,      X,    ^"    :^' 

A'8 


(3) 


As  y^  =  d  —  y^  and  y^  =  my^ 
we  have  by  substitution 

8T=nCbv^  (4) 


'1 


Afo  =  n  C  6  y^  {my^  -i-d  —  y^)  (5) 

yi 7-  (6) 

In  the  last  three  equations  e  depends  on  the  materials  only,  and 
n  and  m  on  the  assumption  made  for  the  stress  curve,  eo  that  these 
three  quantities  are  constants  for  any  given  case.  There  are  seven 
remaining  quantities  and  <Mily  three  equations.  Two  cases  must 
be  considered. 

First.— To  find  the  strength  of  a  beam  of  given  dimensions  and 
reinforcement. 

Here  b,  d  and  8  are  known. 

There  remain  four  other  quantities,  T,  C,  AU  and  y^ 

From  (4)  and  (6)  we  obtain 

which  shows  that  the  neutral  axis  depends  merely  on  the  amount 
of  steel  reinforcement  and  the  elastic  moduli,  i.e.,  it  is  fixed  in  any 
given  beam  if  definite  values  for  the  moduli  of  concrete  and  steel 
are  assumed. 

T  and  G  are  interdependent;  tbat  is,  if  a  given  value  is  as- 
sumed for  T,  there  will  be  a  corresponding  value  for  C  and  vice 
versa. 
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rhe  breaking  strength  of  a  concrete  beam  is  g^ierally  supposed 
correspond  to  a  stress  in  the  steel  equal  to  its  elastic  limit,  as 
ond  this  point  its  extension  is  so  great  as  to  completely  rupture 
concrete  surrounding  it 

[f  we  take  T  =  elastic  limit  of  steel,  the  maximum  moment  of 
stance  will  be 

lf^  =  !rfif  (my^  +  d-y,) 

the  corresponding  value  for  C  will  be  given  by  equation  (1). 
he  value  of  C  thus  obtained  Is  excessive,  T  must  be  reduced. 
ind:~For  a  given  loading  and  span  to  design  a  beam  in  which 
concrete  and  steel  shall  not  be  strained  beyond  safe  limits, 
ere  JU  is  given,  also  T  and  C,  and  n  and  m  ere  also  known 
itities,  while  b,  d,  8  and  y  remain  to  be  determined.  As  there 
only  three  equations,  they  are  not  independent  variables.    If, 

ever,  the  ratio  -r-be  assumed,  8  may  be  readily  expressed  as  a 

a 

:tion  of  T,  C,  and  e,  and  suitable  values  for  b  and  d  obtained. 
Ls  stated  above,  most  formulas  in  general  use  can  be  derived 
1  equations  (1)  to  (6)  and  Bome  of  the  best  known,  together 
1  what  the  author  has  found  on  the  whole  the  most  convenient 
hod  of  calculation,  are  given  in  the  sequel. 

cheb's  Formula. 

[r.  Edwin  Thacher's  well  known  formula*  may  be  readily  derived 

a  the  equations  given  above. 

iis  assumptions  are  the  following: 

Steel  on  tension  side  only. 

Steel   carries  all  tension   stresses. 

Compressive  stress  curve  rectilinear. 

therefore,  /i  =  J,  and  m  =  J, 
ce,  P,  ==J  Chy^  andy,=  iy, 
from  (2) 

j^  =  J  Cby^   (§y^)  ■i-8Ty 
=  i  Oby2^  +  8Tv^ 

by  substituting  from  (3) 

OS 


C  = 


Mo 


-h 


^STy.) 


-ffe'-«-) 


•  Buel  and  Hill.  "Reinforced  Concrete,"  p.  26. 
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or  if  J/o  is  expressed  in  foot  pounds  instead  of  inch  pounds 

the  form  given  by  Mr.  Thacher. 

From  (7)  by  substituting  n  =  i,  the  position  of  the  neutral  axis 
is  given 


/       Sed     ,     /  Se\*  Se 


The  amount  of  steel  reinforcement  corresponding  to  a  given 
ratio  -  .  between  the  tensile  end  compressive  stresses  may  be 
readily  derived  from  (4)  and  (6)  namely: 

bd 


S  = 


[i*^-{W] 


or  for  a  width  of  beam  of  one  inch  we  have  Thacher's  form  for  the 
required  area  of  steel 

5  d 


The   following  table  is   given   by  Thacher,  using  the  ultimate 
strength  of  the  steel  in  calculating  the  breaking  strength. 


Material. 


^c 


Ultimate 
bending 
moment 

in 
inch  lbs 


Steel  30,000,000 


Concrete  1:2:4 
one  month  old 

Concrete  1:2:4 
six  months  old 

Concrete  1:3:6 
one  month  old 

Concrete  1:3:6 
six  months  old 


64,000' 


1,460,000  |2,40oj  =0.71:;  ,  427  bd' 


2,580,000  3,700 
1,220,000  2,050 


_^=.%    6,5  w 

100 


bd 
165 
bd 


=  0.61%,  367  bd' 


1 ,860,000  '3, 1 00  I  ^ —  =0-92%  '  555  bd' 
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3ew all's  Formula.* 

Capt.  John  S.  Sewall,  Corps  of  Engineers,  U.S.A.,  has  made  a 
careful  study  of  concrete  beams,  and  recommends  the  following 
method.     He  assumes: 

Steel  In  tension  side  only. 

Steel  carries  all  tension. 

Stress  curve,  a  compromise  between  a  ri&ht  line  and  parabola. 

He  makes  n  =  },  and  m  =  J,  so  that 

P,  =g  Chy^.  y^  =  i  y^ 

Hence,  Af^  =  g  C  6  y^2  +  fif f  y 

T 
and  y.  =  7^  yi 

Capt  Sewall  recommends  using  the  elastic  limit  of  the  steel 
and  the  ultimate  strength  of  the  concrete  in  computings  the  break- 
ing strength  and  a  factor  of  2\  for  working  loads. 

In  a  later  and  very  interesting  paper,!  Capt.  Sewall  takes  for 
the  breaking  strength  of  a  beam  a  higher  value  than  the  elastic 
limit  in  the  steel  and  assumes  that  when  T  reaches  thie  elastic  limit 
of  steel,  the  maximum  compression  of  the  concrete  is  equal  to 
eight-tenths  of  the  ultimate  resistance  of  concrete.  He  then  has 
the  following  expression  for  the  bending  moment: 

if/o  =  0.292  C  b  y J "  +  STy. 
In  view  of  the  uncertainty  as  to  the  value  of  E   and  as  to  the  shape 
of  the  stress  curve,  he  proposes  using  a  constant  value  for  the  posi- 
tion of  the  neutral  axis,  and  shows  that  the  variations  are  prac- 
tically not  very  great  within  the  usual  range  of  stresses. 

Making  the  lever  arm  of  the  stresses,  i.e.,  the  distance  from  the 
centrold  of  the  compressive  area  to  the  centre  of  the  steel  =  o  85c/. 
he  gets  the  simphe  formula:  Mo  =  o  85  d  S  T, 

A.  W.  BuEL's  Formula.  + 

This  is  a  general  formula,  taking  into  account  beams  having 
steel  on  the  compressive  side  and  also  the  tensile  strength  of 
concrete  if  desired. 

It  is  based  on  the  moment  of  inertia  of  the  steel  and  of  the  con- 
crete beam,  and  can  readily  be  derived  for  our  special  case  where 
there  is  no  tension  carried  by  the  concrete,  and  no  steel  on  the 
compressive  side  of  the  beam. 

A  triangular  stress  diagram  is  assumed. 

•  Traoi.  Am.  Soc.  C  E.,  Vol.  LIV,  Part  K,  p.  490.    Int.  Ecg.  Congress. 

t  Proc.  Am.  Soo.  C.  E.,  Dec.  1905. 

X  Boel  and  HIU,   •  Reinforced  Concrete,"  p.  20. 
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Using  the  notation  employed  in  our  general  discusslan,  we  have 


^,,_'j+^2.W+( 

fSey 

Then  the  moments  of  Inertia  of  the  steel  and  concrete  about  the 

neutral  axis 

are  reepectlvely 

/.  =  s  y.' 

and  /c  =  i  *  y,' 
then  r  =    —"'  .J 

2 

c  =  ^  .i 

.         Vx 

which  three  equations  suffice  for  solving  the  problem. 
Example: 

Take  a  beam  4"  wide.  16"  deep,  with  one  steel  bar  l"  diameter,, 
placed  li"  from  the  bottom 

Assume  C  =700  lbs.  per  square  inch. 
E^  =3.600.000 
E^    =29,000.000 
o.6o  X  S.o6 


then  y,   = 


4^ 

=  4.83  inches 


0.6  N   14.5  4- 


i^-^Y 


1^  =0.6    (967)^^  =  56.07 


/c  =  \  (4.83)jj  =  150.52 

.1/^,  =2  ^°:^^    -7.^^  =  43601.9  Inch  lbs. 
4  83 
Von  Emperger's  Formula. 

Dr.  F.  von  Emperger,  in  a  paper  read  before  the  International 
Engineering  Congress  at  St.  Louis.*  gave  a  formula  of  a  somewhat 
novel  form. 

He  takes  all  tensile  stresses  as  being  carried  by  the  steel,  and 
the  tensile  stress  for  a  maximum  load  as  equal  tx)  the  ultimate 
strength  of  the  metal. 

His  formula  differs  from  the  previous  ones.  In  assuming  "that 
the  compressive  and  tensile  stresses  are  uniformly  distributed 
over  their  respective  sections." 

Using  the  notation  previously  used  by  us.  his  equations  become 
as  follows: 


•  Tr»n«.  Am.  Soc.  C.  E.,  19)',  Vol.  LIV,  Part  E,  p.  535.    Int.  Bnp.  Congr^H. 
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Let/  =  _  =  ratio  of  steel  to  total  section,  and  the  other  symbols 

bd 
nain  as  before. 

Then    for   rectilinear    variation   of   the   compressilv©    streas    we 
3uld  havey^  =    -    i^  d p  +  d  yj  15  P  (^5  P  ^  ^} 

if  e  =  —  =   15 

This  formula  is  uaed  by  Dr.  von  Emperger  as  g  *'close  approxl- 
Ltion/'  although  the  stress  is  taken  as  uniformly  di&tribut&d  In 
I  assumption,  and  not  as  varying. 
The  moment  of  resistance  will  then  be: 


Mo   =  pbdT  id-  hy,) 


bd^ 

2 


i>  [2  +  IS  i^  -yl^sP  (15  i>  +  ^)  1     T 

bd^ 
Let   W  —  -r    which   is  the   section   modulus   of   resistance   of  a 
o 

icrete  beam   of  width  b  and  depth  d, 

and  a    =  3i>  [^  +  '^P-  J^SP^^SP+  -^  1 

constant  depending  entirely    on    the    percentage    of    reinforcing 
ital  and  7=:  tensile  stress  in  the  steel. 
J  can  then  write: 

The  author  of  the  formula  gives  a  diagram  by  which  this  equa- 
n  can  be  readily  solved. 

cntworth's   Formula. 

Mr.    C.    A.    Wentworth,    in    a   discussion    at    the    International 

igineering  Congress,*  gave  some  valuable  data  and  his  foiniula* 

iich  has  been  adopted  by  the  Bureau  of  Yards  and  Docks  of  the 

ited  States  Navy,  is  as  follows:  — 

The  tension  is  entirely  carried  by  the  steel  and  the  compressive 

ess  diagram  is  triangular. 

If,  furthermore,  A^  =area  of  steel  per  foot  of  wtdtu  of  beam  = 

'  7* 

-»    and  r  =    -     » 
C 

'   previous   notation   for   other   quantities    being    retain eil.    then 

'  a  beam  12  inches  wide, 

1  Tram.  Am.  Soc.  C.  E.  1905,  Vol.  LIV.,  p.  599.    Int.  Eng.  Congri'M* 
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I 


T 


'2  Cy^ 

2 

If, 

r 


yi^c 

e 


d-yi  r 

y± e_ 

d    "  r-h  e 

Jfo  =  6  (7yi  (ci-       )   in  inch  pounds. 

The  working  stresses  to  be  used  are: 

For  stone  concrete,  60O  lbs.  per  square  inch,  or  550  if  there  is  a 
granolithic  finish. 

For  cinder  concrete,  400  and  440  lbs.  respectively; 

For  steel,  16,000  lbs.  per  square  inch. 

The  following  table  gives  the  position  of  neutral  axis,  area  of 
<teel  and  moment  of  resistance  for  working  loada  under  the  above 
stresses  for  a  beam  12*  wide . 


^1 

^. 

Jfo 

Stone  concrete 

0.273  d 
0.333  d 
0.202  d 
0.355  (/ 

.051 
.050 
.060 
.059 

744  c/« 

Cinder  concrete 

711  d- 

Stone  concrete,  granolithic   top..    .. 
Cinder  concrete,  granolithic  top..    .. 

870  c/« 
826  rf» 

Hennebique's  Formula.* 

As  M.  Hennebique  has  done  a  very  large  amount  of  work  all  over 
the  world,  the  method  used  by  him  is  of  interest.  It  is,  however, 
theoretically  open  to  criticism. 

He  assumes  that  there  is  no  tension  on  the  concrete  and  also 
that  the  moment  of  the  tensile  stresses  about  the  neutral  axis  equals 
the  moment  of  the  compressive  stresses. 

He  further  assumes  that  the  compressive  stress  is  uniform  over 
the  compressed  area.  The  last  two  assumptions  are,  of  course, 
wrong,  but  if  the  average  allowable  stress  is  taken  low  enough,  so 
that  the  stress  on  the  outer  fibre  does  not  become  excessive,  the- 
practical  results  are  satisfactory. 


*  "  R«inforeed  Concrete,"  by  Considt^re  (Moigseiff'i  Translation),  p.  33. 
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Hennebique  takes  this  uniform  compression  equol  to  350  lbs.  per 
square  inch,  which  for  a  triangular  stress  diagram  would  give  700 
lbs.  as  the  maximum  stress.  The  working  stress  in  the  steel  is 
14,000  lbs.  per  square  inch. 

Hence,  by  his  assumptions: 


M, 


350   ^V'i 


2  2  2 

or  Jfo   =  350  ^1 

and  y^   =  0.053  \-^* 
o 

similarly  J  if  =  6*T  y,   =  ST  y, 

as  his  assumptions  of  the  quality  of  the  tensile  and  compressive 

moments  about  the  neutral  axis  makes  y^  =  y. 

From  the  last  equation  if  r  =:  14,000 

28,oooyi 
In  the  methods  so  far  given,  the  concrete  was  not  assumed  as 
carrying  any  tensile  stresses.      In    the    next    three    formulas  the 
concrete  Is  taken  as  carrying  part  of  the  tensile  stresses. 

Considere's  Fobmula.* 

This  eminent  investigator  considers  the  concrete  as  carrying 
part  of  the  tensile  stresses,  and  assumes  them  uniformly  distributed 
over  the  concrete  below  the  neutral  axis.  The  compressive  stress 
he  takes  as  varying  uniformly  between  the  neutral  axis  and  the 
extreme  fibre. 


Figure  2. 

Referring  to  Fig.  2,  it  is  seen  that  he  expresses  all  dimensions 
in  terms  of  h, 

r-u  _x^  ,  .  *rea  of  steel 

Furthermore,  let  a  =    — r r-, 

'  cross  section  of  beam 

bh 
and  /  ==  max.  tensile  stress  on  concrete 

*  *' Reinforced  Concrete,"  by  Conald^re  (Molsselfl's  Translation),  p.  20. 


i 
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Then  equation  (3)  in  our  general  solution  takes  the  form 

C 

I  h{i  -x)^    E^ 

^  h{x-  u)         T 

or  C  = ^^ ' 

e      (a  -  u) 

Equating  tensile  and  compressive  stresses 
tbhxJfTbph^-     bh(i-x) 

2 

substituting  the  value  of  C  above 

Finally,  taking  moments  about  the  centroid  of  compressive  forces 

Mo  =  Tphh\;ihi^i-x)^-  h  (^-tt)]  '\-  thh  x\i  h  (i-ar)  +  4  A  x] 

M.  Consid^re  takes  T  =  elastic  limit  of  the  steel  and  t  equal  to 
the  stress  which  will  extend  the  concrete  0.015  to  0.020  per  cent,  i.e., 
from  171  to  427  lbs.  per  square  inch,  according  to  th«  grade  of 
,]  concrete  used. 

A.  L.  Johnson's  Formula.* 

This  formula  has  been   quite   widely   used.     It   assumes  part  of 
the  tension  as  carried  by  the  concrete  and  uniformly  distributed. 
As  to  the  compression,  the  assumed  curve  is  such  that 
P,=  l  Chy^  and  y^  =  l  y^ 
The  modulus  of  concrete  is  taken  as  §  ^r  for  rock  concrete,  i.e., 
S  of  the  original  modulus,  and  for  cinder  concrete  =  i  JB  . 

The  tensile  stress  acting  on  the  extreme  edge  of  the  concrete 
beam  is  taken  equal  to  f^  t,  if  t  =  the  t^asile  strength  of  concrete 
This  last  assumption  is  in  accordance  with  Considdre^s  experiments. 
If,  further,  Pt  =  total  tensile  stress  carried  by  concrete, 
then  Pc=  S  T-[-  Pt 
or,  ^C  by,  =  ST-^i^tby,, 
T   F 
But  as  y,  =  | -^  -g^  .Ti,  (A) 

T  Ec  t  bv^ 

15  C  by,  -  64  /  byi  (^^  ) 
S  =   \C  E^l  (B) 

120  T 

and  Afo^ST  (r.  +   "^)   +    {,  t  by,    (^-^  +  "-f)  ( C) 

•  "'Corrugated  Barg  for  Reinforced  Concrete,"  1905.  p.  115. 


V 
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Equations  (A),  (B)  end  (C)  are  sufficient  for  obtaining  the 
strength  of  a  beam. 

Mr.  Johnson  makes  T  =  50,000  lbs.,  the  elastic  limit  of  the  high 
'Erbon  steel  iised  by  him. 

The   following   table   is   computed   from   the   above   formula: 


Average 

Rock 
Concrete 

1:3:6 

1 

Special 

Rock 

Concrete 

1:2:4 

Cinder 
Concrete 
1:2:5 

Eu 

29,000,000 

29,000,000 

29,000,000 

Ec 

3,000,000 

2,400,000 

750,000 

T.  (Elastic  limit  of  Steel) 

50,000 

50,000 

50,000 

C 

2,000 

2,400 

750 

f 

200 

200 

.     80 

Va 

'.72  ^'i 

i»5>'i 

0.862  Vi 

S.  (Area  of  Steel) 

0.0195  Aj'i 

0.0263  bjy^ 

0.00827  bj/^ 

Mo 

2750  b) I  2 

2620  b^'{ 

693  by,  2 

Ifb  =3   I2"and^=  ^  h 

ya 

o.33»  A 

0.418// 

0.483  h 

S 

0.077^=0.64% 

0.132^=  1.1% 

0.048  /i  =  o.4% 

Mo 

3620^2 

5505  ^'' 

1935  A" 

W.  K.  Hatt's  Formula. 

In  a  valuable  paper  read  before  the  Western  Society  of  En- 
gineers,* Professor  Hatt  has  developed  some  formulas  that  may 
be  stated  as  follows: 

He  assumes  the  tensile  stress  as  partly  carried  by  the  concrete, 
the  distribution,  both  for  the  tensile  and  compressive  stresses, 
being  given  by  a  parabola  with  axis  horizontal  and  its  origin  on 
the  outer  edge. 


•  Journal  West.  Soc.  Engr'g,  1904.  p  22S. 
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Let       t  =  tensile  stress  in  outer  fibre  of  concrete. 
El  =  modulus  of  concrete  in  tension. 

p  =  ratio  of  steel  area  to  total  crose-section  of  beam 
X    r=  extension  of  concrete  on  extreme  element  per  unit 

of  length. 
u  =  distance  from  top  to  steel  in  terms  of  h. 
X  =  distance  of  neutral  axis  from  top  of  beam  expressed 
as  a  fraction  of  h. 

£ 
Then   -  -  s  — —-  s= or  C  ^  

r 

A.,  -^8  h(u  —  x)  t  q{u  —  X) 

El 
Equating  the  tensile  and  compressive  stresses 

i  Chy,  ^  itbh{i  -  x)  -\-  pbh  T 
or,  §  Cjt  =  IMi  -  a;)-|-p  r 

Inserting  values  of  C  and  T  given  above 

/  x'  {u  —  x) 


4   +, 


•whence,  a:  = 

2  (6  -  I) 

Having  solved  ar,  C  and  T  may  be  computed  from  the  first  two 
equations. 

Taking  moments  about  the  neutral  axis  we  have 

Af,  (a  (.->:).  +  A  ^/!',)  +  ^^  (^—^  ')cOh' 
or  if  the  expression  in  brackets  is  called  K 
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Professor  Hatt  replaces  tlie  above  complicated  form  by  a  closely 
roximale   straight   line   formula  ; 

If  /'  r=  percentage  of  steel  =  100^ 

thea  for  I :  Z  :  4  stone  concrete 

or  if  If  —  it 

A:  =  (o.3J  +  053  ^) 
which  for  t  =  240,  Rtves 

jr,  =  ([27  y^  +  so)iih^  =  (165  p  +  J04)  it/' 

For  1:5  gravel  concrete  the  corresponding  expressions  are: 

M<,  =  (tSo  /^  +  So)  hk^  ^  (234  P  +  104)  Ar/' 

rhe  above  expressions  include   tension   in  concrete,   hence  tlJey 

&  the  bending  moment  at  the   "first  crack/' 

The  stresses  after  the  concrete  ceases  to  act  on  the  tension  side 

r  readily  be  obtained  by  omitting  the  tensile  atressea. 

'  equation  for  M    then  becomes: 

Jf  o  ^  hk^  I  ^^  roc-*  +  ji  T  [n  -  x)  \ 

snnoi^'s  FoHiiLLA.  • 

Mr.  T.  L.  Condron  has  lately  made  a  study  of  203  teets  of  con^ 
:e  steel  bea,ms,  which  have  been  made  in  different  laboratories 
tbe  United  States  within  the  last  few  years.  As  the  result  of 
I  comparison,  Mr.  Condron  suggests  the  following  expression  for 

bending  moments  at  breaking  loads: 

corrugated  bars: 

for  plain  bars: 

M.   =  (275  P  +  55)  hd^ 

^e  further  suggeste  a  general  empirical  formula  for  steely  having 
elastic  limit  of  60,000  lbs.  per  square  inch. 

r  bd  ^ 
^^  =  6^oi   *5oo  P  +  50} 

T  hd ' 

or  M.  =  ^---  {P  +  i,) 


whence 


''=^-^f^C^  +  A) 


S  = 


T  d 


hd 

TOOO 


*Joarnal  Wp»t»Sor.  Eng'n,  1901*  p^lJS* 
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The  following  table  has  been  computed  from  the  above  formula: 


P  = 

0.5% 

T 

Mq 

C 

60,000 

3006c/ 

1667 

40,000 

200  *• 

IIIO 

30,000 

150" 

^3Z 

20,000 

100  *• 

555 

*i  8,000 

90- 

500 

15,000 

75" 

417 

12,000 

60  *• 

Z33 

10,000 

50- 

278 

^  =  0.75;. 


p  =  1.0%      p  =  1.25% 


Mo 

425  6(/'^ 
283** 
212  •* 
142- 
128  " 
106  *» 

85*' 
71  - 


c 

Mo 

2IIO 

550  M* 

1406 

3.,- 

1055 

275" 

703 

183" 

633 

.65" 

528 

•37-5" 

422 

III  " 

352 

92" 

Mo 


2500  ,  eisbd^  I   2880 


1667 

450** 

1920 

1250 

33S'' 

1440 

S33 1 

225- 

960 

750 

203" 

864 

625 

169- 

720 

500 

1 

135" 

576 

4»7 

112  ** 

480 

Talbot'8  Formula. 

Profeseor  A.  N.  Talbot,  of  the  University  of  Illinois,  as  the 
result  of  an  elaborate  series  of  experiments,  has  prepared  the  fol- 
lowing simple  formula:* 

Mo  =  57' (0.906  -  6.5P  )rf 

in  which  p  =    ,    . 

Taking-  /*  =  percentage  of  steel  =  lOOp 
and  T  =  15,000  lbs.  per  square  inch. 

Then  for  a  width  of  12"  and  working  loads 

Mo 
.  2   =   1800  P  (0.906  —  o.  065  P) 

This  equation  gives  a  flat  curve,  which  agrees  closely  with  the 
straight  line  as  given  by  Mr.  Condron. 

Convenient  Working  Method. 

The  writer  has  found  the  following  a  simple  method  for  com- 
putations. The  formulas  are  similar  in  form  to  those  given  in 
Taylor  and  Thompson's  excellent  treatise  on  concrete. 


♦Journal  West.  Foe.  Eng'rs,  1905.  p.  S!9. 
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mptions: 

1  tensions  carried  by  steel. 

lie  compressive  stress  curve  is  the  one  given  by  Cap>t.  Sewall, 
lat  its  area  is  equal  to  1  of  the  maximum  fibre  stress  multiplied 
be  area  in  compression  and  the  distance  of  its  centroid  from 
x>p  is  i  of  the  distance  from  the  top  to  the  neutral  axis.  The 
ulas  are  for  working  stresses: 


m 


bols  used: 

6  =    width  of  beam. 

d  ■=■    distance  from  top  to  centre  of  steel. 

T  =    unit  stress  in  steel. 

C  =    Max.  unit  compressive  stress  in  concrete.. 

*   _    Er    _  modulus  of  steel. 

^c        modulus  of  concrete. 

cross-section  of  steel. 

cross-section  of  beam  above  centre  of  steel, 
distance  from  top  to  neutral  axis. 


~~    distance  from  top  to  centre  of  ateel. 

Mo  =    moment  of  resistance. 

hen,  from  our  general  discussion,  we  readily  deduce  the  follow- 
^uations: 


'            / 

y  -  '\i  ^P  (i  «7>  -h  ^)  -  *«/> 

(A) 

•+     c. 

T       e  (i  -  a:) 
G~          X 

(B) 

5 
P=      T  (            '1\ 
8-C  V    +  Cej 

(C) 

.Mo=  ICbdxii  -  ix)=p  Tbd^ii 

-?•») 

(D) 

Case  I. 
o  design  a  beam  of  any  assumed  quality  of  steel  and  concrete 
arry  a  given  load. 

Here  we  have  given  T,  C,  ^^and  Ec 
To  find  p,  ft,  d,  for  any  definite  A/© 


I 


I 


\ 
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Example: 

Let  C  =:  700  lbs.  per  sq.  in.     T  =  14,000  lbs.  |>er  sq.  in. 

Ag  =■  30,000,000.     Ac  =  3,000,000. 

T 
then  .,  s  20  and  e  »  10. 

I  I 

From  (A),  x  =.  ^,    = 20'  "^    ' 

'   +  C.  '   +   ,0  ' 

From(C),p=    8  x  20  x^  (1  +  }J)   =  °-°»^4  or  1.04% 
^o  =  J  700  X   J  (I  -  f  X  i)  =  126.7  W« 
which  gives  M  -  for  any  value  of  Afo  that  may  be  given. 

Case  II. 

To  determine  the  Btresses  in  a  given  beam  under  any  given 
loading. 

Here  we  have  given  h,  d,  p,  also  £^  and  ^'r 
To  determine  T  and  C  for  any  value  of  A/o 

Example: 

Let  b  =  6",  d  =  lo",  p  =  0.0104 
Et  =  30,000,000    £c  =  3,000,000,  so  that  tf  ss  10 
Then   from    (A): 

X  =  -v/  1  0.104  (J  0.104  +  2)  -  i  0.104  =  i 

and  from  (B): 

T  1  -  i 

-^  =  ,0  ^p   =  20 

If  T  is,  say,  14,000  lbs.  per  square  inch,  C  will  be  700  lbs.  per 
square  inch  from  (D): 

Mo  =  I   "<  700  X  6  X   10  X    5(1   -  I  X  ^)  ss  75*830  inch  lbs. 

General  Considerations. — The  a:bove  discussion  has  been  con- 
fined to  the  determination  of  the  moment  of  resistance  in  a  concrete 
steel  beam  and  the  stresses  parallel  to  its  axis.  The  magnitude 
of  the  bending  moment  at  different  points  in  the  length  of  the 
beam  (which  the  moment  of  resistance  must,  of  course,  equal),  has 
not  been  taken  up. 

Furthermore,  certain  other  important  internal  stresses  have  not 
heen  touched  upon. 

The  bending  moments  at  different  points  under  the  existing  dead 
and  live  loads  are  computed  in  the  same  way  as  for  timber  or  steel 
beams,  but  there  is  almost  always,  at  least,  partial  continuity  over 
the  supports. 
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On   this   account,    there   will   be  a   negative   bending   moment 

liich  may  be  as  large  as  —  JF/  at  the  supports  for  a  beam  of  length 
carrying  a  total  load  W  uniformly  distributed.  The  te^nsile  stresses 
us  produced  in  the  upper  part  of  the  beam,  muet  be  resisted  by 
serting  horizontal  steel  members  near  the  top  over  the  supports, 
id  extendin>g  a  proper  distance  each  way.    The  bending  moment 

the  centre  of  the  span  has  a  maximum  value  of     -lor  uniform 

8 

ads  if  there  is  not  continuity  and  a  maximum  of  _  for  perfect 

12 

ntinuity  and  full  loading  on  the  two  adjacent  spans. 
It  is  conservative  practice  to  make  the  moment  at  the  centre 


ual  to 


Wl 


The  internal  stresses  in  concrete  and  concrete  steel  beams-  still 
quire  much  investigation,  but  the  study  of  tests  already  made,  and 
e  analogy  of  iron  and  wooden  beams,  have  provided  some  valu- 
ile  practical  information. 

In  a  beam  on  two  supports,  the  bending  moment  is  at  a  maxi- 
um  at  the  centre  and  decreases  according  to  the  law  of  loading 

the  ends.  If  the  depth  of  the  beam  is  uniform,  the  stresses 
Lrallel  with  the  axis  vary  according  to  the  same  .law,  becoming 
ro  at  the  supports.  There  are,  however,  other  stresses  in  the 
am,  analogous  to  those  in  the  web  members  of  a  steel  truss  or 
e  web  plate  of  a  plate  girder.    These  increase  from  the  centre 

the  supports,  and  are  greatest  at  any  point  in  a  direction  making 
I  angle  of  4<5  degrees  with  the  longitudinal  axis  of  the  beam. 

There  are  conjugate  tensile  and  compressive  stresses,  the  former 
>ing  at  right  angles  to  the  latter.    As  the  concrete  is  not  capable 

withstanding  tensile  stress,  no  beams  can  be  considered  properly 
inforced  in  which  these  tensile  stresses,  as  well  <a8  those  parallel 
ith  the  axis,  are  not  carried  by  steel. 

Numerous  tests  of  beams  not  thus  reinforced  have  corroborated 
3  abov«  theory.  Such  beams  almost  invariably  fail  by  tension  in 
?  concrete  near  the  ends,  the  cracks  being  inclined  downwards 
nrards  the  abutment.  Although  the  above  reasoning  has  not  been 
iversally  adopted,  the  need  of  special  reinforcing  for  web 
-esses  near  the  end  is  very  generally  admitted.  This  has  usually 
isisted  of  vertical  stirrups  embedded  in  the  concrete,  but  not 
achied  to  the  main  reinforcing  bar.  Web  members  making  an 
gle  of  45  degrees  with  the  horizontal  reinforcement,  and  forming 

integral  part  thereof,  have  come  into  use  within  the  past  few 
irs.  In  the  opinion  of  some  of  the  most  competent  students  of 
s   problem,   this  system  of  reinforcement   has  great  advantages 


*< 
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over  any  other  as  to  safety,  efficiency,  and  an  economical  utilization 
of  the  metal  in  both  the  main  bars  and  web  members. 

There  are,  naturally,  many  other  debatable  questions  in  con- 
nection with  concrete  steel  beams,  which  cannot  be  dwelt  upon 
here.  It  may  be  worth  while  to  at  least  mention  one  of  these, 
oiamely,  the  question  of  the  adhesion  of  the  concrete  to  the  em- 
bedded steel. 

This  is  essential  to  the  strength  of  the  beam,  an<l  can  generally 
be  counted  upon,  although  shocks,  extreme  temperature,  etc.,  may 
cause  a  separation  of  the  two  materials.  For  this  reason  deformed 
bars  hav«  been  to  some  extent  introduced  in  the  place  of  the  plain 
bars  previously  used.  In  these  bars,  by  means  of  slight  projections 
upon  the  surface,  an  actual  mechanical  bond  is  substituted,  which 
resists  the  tendency  of  the  concrete  to  slide  along  the  steel  better 
than  the  smooth  surface  of  the  plain  bar. 

The  same  advantage  is  obtained  in  the  bar  with  attached  web 
members,  as  the  latter  are  fixed  in  the  concrete  and  keep  the  entire 
reinforcement  from  sliding. 

The  various  types  of  deformed  bars,  and  the  reinforcement 
with  integrally  attached  web  members,  are  American  contributions 
to  Reinforced  Concrete  Construction. 


N.B.    For  discussion  on  foregoing  paper    see  p.  173. 


ELrECTRICAL  SECTION. 

President — R.  B.  Owens. 
Vice-President — M.  J.  Butler. 

A  meeting  ot  the  Electrical  Section  was  held  on  March  15,  1906. 
1  the  absence  of  Dr.  Owens,  Mr.  Walbank  occupied  the  chair.  The 
iscussion  of  the  evening  was  on  "  Transmission  Lines."  The 
hairman  called  upon  Mr.  H.  Irwin  to  open  the  discussion. 

TRANSMISSION  LINES. 

Mr.  H.  Irwin  (M.  Can.  Soc.  C.  E.)— In  spite  of  the  Railway  ActMr.irwto. 
hich  was  passed  in  February,  1904,  in  order  to  protect  the  railway 
)mpany  in  its  difacultles  caused  by  telegraph,  telephone,  and  trans- 
lission  lines  crossing  railway  lines,  the  trouble  has  not  ceased.  This 
;  due  to  the  fact  that  there  is  still  no  generally-accepted  method  of 
•ossing,  and  it  is  very  important  that  some  recognized  plan  should 
e:  adopted  by  all. 

Mk.  F.  p.  GiTELius  (M.  Can.  Soc.  C.  E.)— The  matter  of  crossing  ^^'•- <*"^«""»- 
nes  is  a  very  live  question  at  the  present.     But  a  short  time  ago 
le  following  circular,  outlining  the  various  schemes  for  protecting 
le    Canadian    Pacific    Railway,  where    lines    of    different    voltage 
rossed,  was  given  to  the  electrical  experts  of  the  company: 

METHODS    OF    CONSTRUCTING    AND     PROTECTING    ELECTRIC    LINES 
CROSSING    THE    RAILWAY    AND    ITS    TELEGRAPH    LINES. 

Telegraph  and  Telephone  Crossings. 

(a)  To  put  the  lines  of  telephone  and  telegraph  companies  cross- 
ig  tracks  and  telegraph  line  underground  in  proper  cable  to  protect 
:  by  means  of  iron,  concrete,  or  other  pipe. 

(6)  To  string  the  wires  5  feet  above  or  below  our  telegraph  lines 
Qd  at  least  27  feet  above  the  tracks,  wires  to  be  of  copper,  con- 
ected  to  poles  having  double  cross  arms,  and  guyed  so  as  to  relieve 
le  crossing  wires  at  tension,  and  at  the  same  time  prevent  the 
oles  from  falling  on  the  track  in  case  of  accident. 

Light  and  Power  Crossings  whose  Potential  is  less  than  3,000  Volts. 

(a)  Put  the  proposed  electric  wires  underground  in  suitable  cable 
rotected  by  means  of  iron  or  other  pipe. 
(6)  To  use  Canadian  Pacific  Railway  No.  3  cradle, 
(c)  Raise  the  poles  or  towers  to  such  height  that  a  broken  trans- 
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mission  wire  in  falling  would  not  touch  passing  trains  or  track. 
In  this  case  the  Canadian  Pacific  Railway  telegraph  wires  should  be 
carried  underground  in  a  properly  protected  cable. 

(d)  To  erect  a  «teel  truss  over  the  tracks  and  telegraph  wires  to 
carry  the  transmission  line  on  cross  arms  supported  thereby.  The 
truss  can  be  made  stealler  provided  the  telegraph  wires  are  placed 
underground  as  above  cited. 

(6)  To  lash  to  each  transmission  wire  a  copper  cable  whose 
strength  shall  be  25%  greater  than  the  transmission  wire,  the  cables 
to  be  suspended  from  double  cross  arm^  on  steel  towers,  which 
shall  be  provided  with  iron  guards  of  sufficient  strength  to  prevent 
the  possibility  of  the  wires  and  cables  falling.  In  this  case  it  would 
be  better  also  to  put  the  telegraph  wires  in  underground  cables. 

Currents  whose  Potential  is  from  3,000  to  10,000  Tolts. 

(a)  Use  No.  3  cradle. 

(&)  Use  truss. 

(c)  Use  cable  to  each  strand  of  transmission  wire. 

id)  Place  the  wires  higher  than  the  width  of  span. 

Currents  10,000  Volts  upu^rd. 

(a)  Use  truss  with  telegraph  wires  underground. 
(&)  Cable  to  each  wire  with  telegraph  wires  underground, 
(c)  Raise  the  transmission  line  higher  than  width  of  ^span  on 
the  telegraph  wires  in  underground  cable. 

The  Canadian  Pacific  Railway  iNo.  3  cradle  consists  of  an  inter- 
laced system  of  g"  cable  fastened  to  long  cross  arms,  and  stretching 
across  the  track  underneath  the  high  potential  wire.  This  mesh  is 
capable  of  carrying  the  current  of  the  main  line,  should  the  latter 
fall. 

Mr.  Herdt.  Prof.  L.  A.  Herdt  (A.  M.  Can.  Soc.  C.  B.)— The  interlaced  system 
of  wires  is  a  danger  rather  than  a  safe-guard,  as  it  increases  the 
weights  upon  the  poles,  -^hlch  are,  therefore,  more  liable  to  fall. 

Mr.  Ro68.  Mr.   R.   a.   Ross   (M-  Can.  iSoc.  C.  B.)— A  good   strong  pole  con- 

struction, with  the  wire  of  a  certain  specified  tensile  strength,  is 
sufficient. 

Mr.Keisch.  Mr.  R  S.  Kelsch  (M.  Can.  Soc.  C.  E.)— The  crossing  should  be  as 
simple  as  possible.  The  following  method  is  one  to  be  recom- 
mended. It  consists  of  a  strong  pole,  well  braced  with  another,  on 
each  side  of  the  track.  There  is  a  strain  insulator  well  bolted  to 
two  cross  arms  on  each  pole.  A  six-stranded  hard-drawn  copper 
wire  cable  across  the  track  might  be  used.  It  should  be  fastened 
about  the  strain  insulator  and  dead  ended,  and  the  transmission 
line  cable  should  be  similarly  fastened  and  dead  ended. 
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There  la  the  objection  to  wooden  poles  that  ttey  are  liable  to  be  icr. uuteiiut. 
Eiiuaged  by  Are.     Mr.  Kelsch's  plan  li  a  very  good  one;    but  Bteel 
Dies  should  be  used,  and  be  well  braced  on  each  side.     There  are 
umbers  of  instances  in  whlcli  the  railway  company  auffera  damages 
-om  transmission  lines  Tailing  across  their  telegraph  lines. 

Mr.  J.  C.  Smith  (A.  M.  Can.SocC.  B.>— The  railway  company  jir. smith. 
;  amply  protected  by  the  use  of  a  Btrong  stranded  conductor-  The 
bawinigan  Power  Company  protects  the  telegraph  or  telephone 
ues,  which  their  wires  cross,  as  Tollows:  A  high,  stout  pole  la 
laced  close  to  and  on  each  side  of  the  line.  These  poles  are  well 
raced  together  at  their  tope  by  laXeral  braces,  and  at  the  bottom  by 
sloping  pole.  All  the  poles  are  set  In  concrete.  Standard  trans- 
lissJon  wire  is  used  and,  until  the  present,  there  has  been  no 
-ouble. 

Electrical  experts  seem  to  advocate  cheap  construction ;    but  Iron  Mr.  outeuon 
oles  seem  to  me  to  be  preJerable  to  wooden  ones.     What  would 
psult  should  a  high  voltage  wire  make  contact  with  an  iron  con- 
traction?    What  is  the  obje&tion    to    putting   wires,  carrying   less 
tian  2,501)  volts,  underground? 

In  contact  with  grounded  wire,  the  wire  lying  on  the  Iron  would  Mr.  ftti«i,, 
roduce  an  arc,  causing  the  wire  to  burn,  hreaJc  and  fall.     Strain 
3sulatora  are  more  expensive  than  the  cradle  system  proposed  hy 
he  railway  company. 

There  has  been  a  case  where  wires  were  put  underground  wlth-Mr.emiiii, 
ut  any  bad  con  sequences.     The  strongest  objection  to  this  method 
B  the  danger  from  lightning.    For  this  reason,  too,  the  use  of  steel 
toles  Is  a  menace  rather  than  a  help  to  transmission  companies. 

There  does  not  seem  to  be  any  reason  why  Iron  poles,  if  provided  jir.  Herdt. 
Pith  insulators  strong  enough  to  stand  the  strain  ot  high  voltage, 
honld  not  be  used. 

The  danger  from  lightning  Is  great  enough  to  warrant  a  power  Mr  E»l«i, 
ompany  to  go  to  almost  any  expense  in  an  overhead  construction 
n  order  to  avoid  the  underground  method.  After  some  experience 
t  seems  that  with  steel  poles  the  lightning  Is  liable  to  cause  a  short 
ireuit  and  consequent  burning  out  of  the  wire.  In  the  vicinity  of 
ail  way  lines  the  Insulators  become  coated  with  carbon  from  the 
moke  of  locomotives,  and  in  time  cause  leaks  all  along  the  line, 
his  has  happened  where  the  lines  cross  the  Victoria  Bridge. 

PuoF.  J.  G.  G.  Kkbhy  IM.  Can.  Soc.  C.  EJ— The  single  wire  span,  Mr,Kerrr, 
strongly  made,  Is  far  less  llkeiy  to  come  to  grief  than  the  cradle 
>nstruction.     The  railway  companies  should  insist  on  a  pole  that 
ill   not  burn  down,  and  Is,  at  the  same  time,  strong  enough  to  hear 
ly    strain  put  upon  It, 

The  power  companies  should  be  given  the  privilege  of  making 
:   narrow  spans  as  possible,  even  If  by  so  doing  they  encroach  on 
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the  railway's  right  of  way.    Thia  is  always  done  where  one  railway 
line  crosses  another. 

Is  there  not  some  kind  of  insulation  which  would  ensure  no  harm 
being  done  when  the  wires  accidentally  make  contact  with  a  tele- 
graph or  telephone  line? 
Mr.KeiBciw  There  is  no  insulation  of  such  a  kind  known  to  me.    No  insula- 

tion is  attempted  in  the  stations  even  on  very  high  potential  wires. 

In  comparing  the  cost  of  a  cedar  pole  with  that  of  a  steel  one. 
the  former  is  cheaper.  The  average  life  of  a  pole  is  16  years;  but 
it  is  to  the  Interest  of  transmission  companies  to  keep  their  poles 
in  goo4  repair,  and  they  are  therefore  closely  examined  at  leaai 
once  a  week.  If  this  is  done  the  cedar  poles  are  the  better:  but  it 
would  be  quite  possible  to  arrive  at  an  agreement  to  use  wooden 
poles  protected  at  the  butt. 
Mr.  waibank.  Mr,  W.  McLea  Walbaxk  (M.  Can.  Soc.  C.  E.) — To  sum  up,  the 
opinion  is  unanimous  in  advocating  stranded  cable  construction  at 
crossings.  The  only  question  is  with  regard  to  the  kind  of  support 
to  be  used. 

Upon  the  suggestion  made  by  Professor  Herdt,  that  a  committee 
be  appointed  to  look  into  the  matter  and  attempt  to  arrive  at  some 
agreement  which  the  Canadian  Society  of  Civil  E^ngineers  might 
then  report  to  the  Railway  Committee,  it  was  moved  by  Professor 
Kerry,  and  seconded  by  Mr.  Wilson,  that  a  committee,  consisting  of 
Messrs.  Gutelius,  Kelsch,  Herdt,  Ross,  and  Smith  be  appointed. 
Professor  Kerry's  name  was  added,  and  the  resolution  carried 
unanimously      The  meeting  then  adjourned. 


MECHANICAL  SECTION. 

President — R.  J.  Durley. 
.     Vice-President— G.  J.  Desbarats. 

A  meeting  of  the  Mechanical  Section  was  held  March  29,  1906. 
The  following  papers  were  read  hy  the  authors: 
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NOTES  ON  THE  SHOPS  AND   POWER   HOUSE  OF  THE 
CANADA  CAR  COMPANY. 

By  E.  G.  M.  Cape,  A.  M.  Can.Soc.  C.E. 

In  order  to  understand  the  service  requirements  that  the  power- 
bouse  is  called  upon  to  fulfil,  and  the  conditions  under  which  it 
wras  constructed,  it  will  be  well  to  consider  first  the  purposes  of 
:he  Canada  Car  Company,  and  look  briefiy  at  the  arrangement  of 
;he  shops.  The  great  increase  which  has  taken  place  during  the 
3ast  few  years  in  the  amount  of  freight  handled  by  the  Canadian 
railways  has  taxed  their  capacity  to  the  utmost.  They  have 
)een  adding  continually  to  their  stocks  of  locomotives  and  cars. 
Phese  have  been  turned  out  by  their  own  shops  and  by  those  of 
ndependent  Canadian  companies,  and  have  been  imported  also 
n  large  numbers  from  abroad. 

The  railway  lines  under  construction,  the  Grand  Trunk  Pacific, 
:::anadian  Northern,  and  others,  will  require  large  numbers  of 
reight  and  passenger  cars.  If  imported,  these  cars  have  to  pay  a 
luty  of  ZOVr.  As  the  car  shops  in  Canada  two  years  ago  could  not 
nanufacture  a  sufllcient  number  of  cars  to  meet  the  demand  of  the 
Canadian  railways,  it  seemed  evident  that  additional  shops  must 
>e  provided.    As  a  result,  the  Canada  Car  Company  was  organized. 

After  considering  the  advantages  and  disadvantages  of  various 
ocations  for  car- building  shops,  a  site  was  chosen  just  west  of 
ilontreal.  The  property  secured  there  presented  many  advantages 
or  an  industrial  plant  of  the  kind  that  the  Company  had  planned, 
t  was  near  the  metropolitan  city  of  Canada,  a  good  labour  market. 
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and  the  transportation  facilities  by  water  and  rail  could  hardly 
be  excelled.  A  cheap  and  bountiful  supply  of  wat«r  was  given  by 
the  I^achine  canal,  and,  lastly,  the  site  was  a  practically  level  piece 
of  ground,  necessitating  very  little  grading. 

The  property.  35  acres  in  extent,  lies  between  the  Lachine 
Canal  and  the  main  line  of  the  Grand  Trunk  Railway.  The 
ground  is  low-lying,  being  on  the  average  about  11  feet  oelow  the 
water-level  in  the  canal.  It  is  drained  by  the  Government  dltcn 
alongside  the  canal  and  by  the  St.  Pierre  River,  which  runs  along 
the  northern  boundary  of  the  property.  In  the  spring,  the  high- 
water  level  at  the  junction  of  the  ditch  and  the -St  Pierre  River, 
at  the  lower  end  of  the  property,  is  only  2)  feet  below  the  elevation 
chosen  for  the  floor-line  of  the  buildings. 

It  was  expected  that  the  foundation  work  for  this  plant  would 
be  costly  on  account  of  the  nature  of  the  ground.  Test  pits  were 
sunk  throughout  the  area  of  the  property.  On  the  surface  of  the 
ground  was  a  black  loam,  varying  in  thickness  from  1  to  2  feet, 
underlying  it  was  a  bed  of  marl,  varying  from  0  to  5  or  6  feet  in 
thickness,  below  that,  gravel  varying  from  18  inches  to  5  feet  in 
depth,  and  underneath  that  a  black  quicksand,  from  4  feet  to 
15  feet  thick,  resting  on  a  bed  of-  boulders.  After  going  info 
the  question  carefully  and  making  tests  of  the  bearing  properties 
of  the  gravel  bed  underlying  the  marl,  it  was  decided  to  build  the 
foundations  on  the  top  of  this  bed  instead  of  piling  down  through 
the  quicksand.  The  footings  were  in  all  cases  (except  those  for 
the  machinery),  designed  so  as  to  impose  a  load  of  from  2  to  2i 
tons  per  square  foot  upon  the  gravel  bed.  Up  to  the  present  time 
no  settlement  has  occurred  in  any  part  of  the  foundations  nor  have 
any  cracks  developed. 

The  plant  is  divided  into  two  main  buildings,  known  respectively 
as  Group  "0"  and  Group  "0.0."  The  first,  the  larger  building,  is 
1,010  feet  6  inches  long  with  a  maximum  width  of  280  feet.  This 
is  the  car-building  shop  proper.  In  it  are  the  planing  mill,  wood- 
working shops,  the  erection  and  paint  shops,  the  truck  shop,  and 
the  upholstery  shop.  The  building  is  so  arranged  that  the 
material  comes  in  at  the  west  end  near  the  lumber  yard  and  travels 
in  one  direction  until  it  is  turned  out  at  the  east  end  in  the  shape 
of  a  finished  car.  In  the  other,  and  smaller  building,  wnich  is 
about  300  feet  square,  all  the  iron  working,  except  the  assembling 
of  the  trucks,  is  done.  Here  are  located  the  wheel  and  the  grey 
iron  foundries,  the  smith  shop,  and  the  machine  and  pattern  shops 
The  material  is  carried  from  this  building  to  the  erection  shops 
on  standard  gauge  tracks  provided  for  that  purpose.  Besides  the 
two  buildings  described  above,  there  are  the  main  store-house  and 
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)rage>shed,  paint  store-house,  power-house,  dry  kilns,  and  ofllce 
tidings. 

In  works  of  this  kind  the  power  plant  usually  takes  more  time 
complete  than  the  rest  of  the  equipment.  It  was  felt  to  he  of 
B  utmost  importance  that  the  power-house  should  he  in  operation 
as  early  a  date  as  iwssihle,  since  it  was  evident  that  much  time 
id  money  could  be  saved  by  having  the  travelling  cranes  available 
r  placing  the  machinery  in  the  various  shops.  Excavation  for 
9  foundations  of  the  two  main  buildings  was  commenced  about 
B  15th  October,  1904,  and  for  the  power-house  shortly  afterwards. 
'  pushing  the  work  energetically  these  foundations  were  com- 
5ted  and  covered  in  to  protect  them  from  the  frost  by  first  of 
jcember,  before  the  winter  set  in.  The  superstructure  of  the 
tiding,  which  was  to  consist  of  steel  frames  and  concrete  walls,. 
LS  not  commenced  until  the  next  spring,  except  in  the  case  of  the 
>wer-house.  The  construction  of  this  building  was  continued 
rough  the  winter  and  by  March  tt  was  completely  closed  in,  with 
»  foundations  ready  to  receive  the  machinery. 
The  power  house  is  150'  4"  long  X  85'  3"  wide.  The  roof  trusses 
d  supporting  columns  are  of  steel  and  the  walls  of  concrete  9" 
ick,  reinforced  with  steel  rods  over  window  and  door  openings. 
18  walls  were  buHt  in  January  and  February,  1905,  when  the 
lather  was  unusually  severe,  so  that  it  was  necessary  to  use 
^cial  care  in  order  that  the  concrete  work  might  be  successful, 
quick-setting  cement  was  used,  which  gave  in  tests  a  tensile 
ength  of  550  lbs.  after  three  days.  This  was  mixed  with  clean 
ivel  in  the  proportion  of  1  to  7  by  volume.  Both  the  gravel  and 
5  water  used  were  thoroughly  heated,  »o  that  the  concrete  went 
;o  the  forms  at  a  temperature  of  about  100  degrees  Fah.  A 
all  amount  of  salt  was  added  in  mixing.  The  forms  were  made 
2"  plank  and  as  soon  as  the  concrete  was  deposited  it  was 
rered  with  burlap  and  manure.  In  this  way  tt  was  kept  from 
ezlng  for  from  24  to  48  hours,  depending  on  the  weather.  In  th^ 
ing  the  walls  showed  no  signs  of  softening  when  thawing  out, 
d  the  concrete  throughout  was  perfectly  sound  and  hard. 
in  making  concrete  walls  for  buildings  of  any  size,  some  pro* 
Ion  is  necessary  to  take  care  of  their  expansion  and  contraction. 
5  to  changes  of  temperature,  otherwise  cracks  will  develop  in 
»  concrete,  which  will  often  extend  from  foundation  to  roof. 
ese  cracks  appear  at  the  weakest  sections  of  the  wall,  for  in- 
nce,  a  usual  place  to  find  them  is  above  the  arches  and  under 
»  sills  of  the  doors  and  windows.  In  the  Canada  Car  Company's 
Idings  it  will  be  noticed  that  the  concrete  In  the  wall  is  thinnest 
the  columns.    Expansion  joints  were  provided  at  every  second 
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oolumn  so  as  to  localize  the  cracks.  This  was  done  by  inserting 
wooden  strips  \*'  thick  in  the  concrete  opposite  the  centre  of  the 
steel  columns.  This  device  has  acted  very  sucoessfully  in  localizing 
the  cracks  at  points  where  they  do  no  harm. 

The  power  house  is  divided  into  two  parts  of  equal  width  by  a 
concrete  wall  running  lengthwise  through  the  building*  one  part 
forming  the  boiler  room  and  the  other  the  engine  room.  Before 
describing  the  machhuery  and  apparatus  in  the  power-house,  it  will 
be  advisable  to  consider  the  service  which  they  are  called  upon  to 
perform.  High  pressure  steam  is  required  for  supplying  power  to 
operate  the  generators,  air  compressor  and  auxiliaries,  and  a  small 
amount  Is  needed  in  the  shops  for  operating  steam  hammers  and 
so  forth.  Low  pressure  or  exhaust  steam  Is  needed  for  heating  the 
various  shops. 

In  designing  a  power  equipment  for  an  industrial  plant  in  this 
climate,  particular  attention  must  be  paid  to  the  requirements  of 
the  heating  system.  For  six  months  of  the  year  the  amount  of 
steam  needed  for  heating  is  often  as  great,  if  not  greater  than  that 
required  for  power  during  the  day.  and  Is  the  much  more  important 
item  during  the  night.  One  result  of  these  conditions  is  that  con- 
densers do  not  effect  a  great  economy  in  the  steam  consumption 
during  the  winter  months  except  at  times  of  full  load.  It  is  im- 
portant to  know  as  closely  as  possible  what  will  be  the  probable 
demands  for — (1)  power  purposes,  and  (2)  heating  service.  The 
boiler  plant  must  then  be  designed  of  such  size  as  to  provide  for 
the  maximum  requirement,  and  have  sufficient  spare  units  to  allow 
for  cleaning  and  repairs.  The  generator  units  must  be  chosen  of 
such  size  as  to  operate  economically  at  the  probable  average  load. 
They  must  be  arranged  so  that  their  exhaust  is  available  for  heat- 
ing, and  if  cooling  water  is  sufficiently  cheap  and  plentiful,  they 
should  be  provided  with  condensers  so  that  when  their  exhaust 
is  not  required  for  heating,  they  will  operate  under  the  most 
economical  conditions. 

Three  systems  of  heating  were  considered.  The  first  was  that 
of  direct  radiation,  in  which  steam  is  circulated  through  radiators 
in  the  various  buildings,  and  the  returns  are  pumped  by  means  of 
vacuum  return  Dumps  back  to  the  hot  well  in  the  power  house 
The  second  was  the  indirect  or  fan  system.  In  which  fans  are 
used,  driven  by  engines  or  electric  motors  to  draw  air  through 
coils  of  steampi'pes  and  circulate  it  by  means  of  galvanized  Iron 
pipes  through  the  various  shops.  The  third  was  the  E^rans-Admiral 
system,  the  chief  advantage  of  which  Is  that  the  pressure  of  the 
exhaust  steam  can  be  reduced  to  a  considerable  vacuum  and  con- 
sequently a  much  greater  economy  can   be   effected  in  the  steam 
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sumption  of  the  prime  movers.  This  system  was  not  considered 
account  of  its  extremely  high  cost.  The  first  system  was 
pted  as  it  was  the  most  simple  and  its  initial  cost  was  very 
h  below  that  of  either  of  the  others,  and  there  were  no  fans  or 
ines  to  be  kept  in  repair.  The  cost  of  operation  is  less,  because 
•e  are  no  motors  or  engines  to  be  supplied  with  electricity  or 
m  as  in  the  fan  system.  By  means  of  the  vacuum  return  pumps 
pressure  of  the  steam  in  the  exhaust  header  can  be  kept  below 
lospheric  pressure.  The  radiators  consist  of  long  straight  runs 
I"  pipe  made  up  with  return  bends.  These  are  hung  on  the 
Is  and  between  the  columns  of  the  buildings.  They  are  con- 
ted  to  the  steam  main  at  one  end  and  to  the  return  mains  at 
other.  The  steam  mains  are  brought  from  the  power-'house 
)ugh  concrete  tunnels  provided  for  the  purpose,  and  are  carried 
er  the  floors  of  the  shops  in  concrete  trenches.  Tte  returns 
I  back  to  the  vacuum  pump  in  each  building.  By  means  of 
5e  pumps  a  vacuum  of  four  or  five  inches  can  be  maintained 
the  exhaust  header.  The  water  of  condensation  is  forced  by 
m  back  to  the  hotwell  in  the  power-house  and  is  used  for 
ler  feed.     ^ 

The  following  table  gives  the  number  of  square  feet  of  radiator 
face  and  the  amount  of  steam  required  for  heating  the  two 
in  buildings: 
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These  figures  were  arrived   at   by   calculation    (see    column  No. 

and  from  figures  of  steam  consumption  actually  obtained  In 
rge  shops  in  Montreal  during  the  previous  winter  (see  column 
[).  9).    The  figures  in  column  No.  8  were  obtained  as  follows: 

Heat  lost  by  radiation  in  B.  T.  U.  per  hour  =  area  of  surface  X 
fference  of  temperature,  X  K,  where  IT  is  a  constant,  depending 
I  the  thickness  and  nature  of  the  material  through  which  the 
diation  takes  place.  For  a  3"  plank  fioor  ir  =  0.1;  for  windows 
nsifiting  of  single  glass  K  =  1.2\  for  2"  wooden  roof  IT  =  .2;  and 
r  9"  concrete  walls  IT ^.46. 

Taking  the  grey  iron  foundry  for  instance,  the  areas  of  its  sur- 
ces  are:  floor  and  roof  each,  15,830  square  feet;  single  roof  4.810 
uare  feet;  9"  concrete  wall  4,200  square  feet. 

To  provide  for  a  temperature  of  GO  degs.  Fah.,  in  this  shop,  with 

below  zero  weather  outside,  we  have: 


B. 


T.    U.    per    hour  =  15,830  X  80  X  0.1   =  126,640 

15,830  X  80  X  0.2    =253,230 

4.810  X  80  X  1.2  =  461,760 

4.200  X  80  X  0.46  =  154,560 


996,190 

Heat  lost  by  ventilation  in  B.  T.  U.  per  hour  =  volume  x  num- 

V  of  air  changes  per  hour  X  difference  of  temperatures  x    -^^^^ 

13 

=  384,000  XI  X  80  X-'^*'^'^ 


=  560,000 

Total  heat  loss  =  996,190  -f  560,000 
=  1,556,190 


13 


2"  wrought  iron  pipe  radiators  with  steam  at  212°  will  give  out 
>out  300  B.  T.  U.  per  sq.  ft.  per  hour,  with  air  at  a  temperature  of 

degrees  Fah.,  so  that  the  amount  of  radiation  required  is  5,180 
[.  feet.  The  figures  in  <>olumn  No.  9  were  obtained  by  taking  the 
fures  of  actual  steam  consumption  for  similar  shops  in  Montreal 
id   reducing    them    in    proportion    to    the    comparative    volumes. 

will  be  seen    that    the    results    agree    very    closely.    The  total 

3.183  800 


Qount  of  steam  required  for  heating  the  main  building  is- 


1,000 


'  about  33,183  lbs.  per  hour,  in  20  below  zero  weather.  Besides  this 
J50  lbs.  of  steam  are  required  per  hour  to  heat  the  store-house  and 
•y  kilns,  making  the  maximum  amount  of  low-pressure  steam 
quired  for  heating  about  34,533  lbs.  per  hour.  The  high-pressure 
earn  required  for  power  purposes,  is  as  follows: 
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500  K.W.  generator  at  43  lbs.  per  K.W.  hour..  21,500  tbs. 

350  H.P.  air  compressor 10,000  lbs. 

Auxiliaries,  including  dry  vacuum  pump.  Jet 
condenser,  duplex  boiler  feed  piunp,  hot- 
well  pump,  and  vacuum  return  pumps..   ..^f^... 

34.500 

From  the  above  figures  It  will  De  seen  that  the  amount  of  nigh- 
pressure  steam  required  for  power,  is  about  the  same  as  the  amount  of 
low-pressure  steam  reauired  for  heating,  so  that  the  non-condensing 
efficiency  of  the  turbines  and  compressor  is  not  of  such  great  Im- 
portance, because  their  exhaust  steam  can  be  used  for  heating  the 
building. 

This  was  one  of  the  considerations  which  led  to  turbines 
being  chosen  Instead  or  reciprocating  engines.  A  high-speed 
reciprocating  engine  could  be  purchased  with  a  guaranteed  steam 
consumption  of  19.75  lbs.  per  K.W.  hQur,  with  28"  of  vacuum,  and 
29  lbs.  per  K.W.  hour  with  5  lbs.  back  pressure.  The  guaranteed 
consumption  of  the  turbine  is  about  the  same  under  28"  of  vacuum, 
but  is  43.5  lbs.  with  5  lbs.  back  pressure.  The  engines  would,  how- 
ever, cost  somewhat  more  and  would  occupy  more  space  in  the 
power  house.  As  the  power  house  is  situated  near  the  Lachine 
Canal,  which  provides  a  bountiful  supply  of  water,  it  was  decided 
to  put  in  condensers,  and  to  adopt  the  turbine  type  of  prime  mover. 

The  total  H.P.  of  motors  throughout  the  shops  \&  about  1,800. 
There  are  also  the  arc  and  incandescent  lights  to  be  served. 
The  average  day  load  was  expected  to  be  about  500  K.W.,  and  th» 
size  of  the  unit  chosen  (i.e.,  500  K.W.)  was  such,  that  each  would 
operate  at  about  full  load  for  the  greater  part  of  the  time. 

We  will  now  return  to  the  power  house  and  describe  the  arrange- 
ment of  machinery  in  it.  In  the  boiler-room  are  located  three 
batteries  of  boilers.  Each  battery  consists  of  two  units  of  300  H.P. 
The  boilers  are  the  well-known  Babcock  &  Wilcox  make.  Each 
has  3,240  square  feet  of  heating  surface  and  67)  square  feet  of  grate 
surface.  They  are  designed  for  200-Ibs.  working  pressure  and  are 
equipped  with  super-heaters,  which  are  guaranteed  to  give  150' 
Fah.  super-heat  at  full  load.  The  boilers  are  fitted  with  extended 
furnaces  to  better  enable  them  to  use  shavings  as  fuel.  Space  has 
to  be  left  at  one  end  of  tibe  boiler  room  to  install  an  extra  battery 
of  the  same  size  and  at  the  other  end  nearest  the  stack  for  the 
economizer,  should  it  be  deemed  expedient  to  install  one  at  any 
future  date.  The  steel  flue  is  located  above  the  back  of  the  boilers 
and  carries  the  products  of  combustion  to  the  chimney,  which  is 
located  at  the  west  end  of  the  power  house. 

The  chimney  was  built  by  the  Alphonse  Custodls  Company.  It 
Is  150'  0"  high  and  10'  0"  inside  diameter  at  the  top.  The  base  is 
square,  of  Laprairie  brick,  with  walls  32"  thick.    On  this  base  the 
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mney  proper  is  built.  It  Is  circular  in  section  and  is  built  of 
rd,  hollow,  tile  brick,  which  gives  a  very  light  and  strong  form 
construction.    The  thickness  of  the  wall  of  the  chimney  is  only 

at  the  bottom  and  7"  at  the  top.  Its  extreme  lightness  of  con- 
uction  may  be  judged  from  the  email  size  of  the  foundation, 
ich  is  only  25  feet  square,  and  is  designed  to  impose  a  maximum 
d  of  only  2i  tons  per  square  foot  on  its  bed,  with  a  wind  pressure 
50  lbs.  per  square  foot 

From  the  boilers  the  steam  is  carried  to  the  headers  in  the 
jine-room  by  means  of  6"  pipes.  The  connection  between  the 
ider  and  the  boilers  is  controlled  by  means  of  geared  gate  valves 
;h  nickel-steel  seats.  The  header  is  of  wrought  steel,  made  up 
sections,  with  Van  Stone  joints  and  steel  gaskets.  All  branches 
\  rivetted  on.  There  is  no  saturated  steam  header,  all  the 
[iliaries  using  super-heated  steam.  The  steam  piping  throughout 
of  extra  heavy  steel,  with  Van  Stone  joints,  and  all  flanges  of 

same  size  are  drilled  to  the  same  template,  so  as  to  be  inter- 
ingeable. 

The  two  turbine  units  are  exactly  the  same,  of  the  Curtis  type, 
nufactured  by  the  Canadian  General  Electric  Company.  The  full 
,d  rating  is  500  K.W.,  600  volts,  1,800  r.p.m.,  3  phase,  GO  cycle, 
e  guarantee  provides  that  the  speeds  shall  not  vary  more  than 

from  no  load  to  full  load,  nor  shall  there  be  more  than"  4% 
mentary  variation  when  the  full  load  is  thrown  off.  The  regu- 
ion  is  guaranteed  to  be  within  8%.  When  the  machines  were 
ted  these  conditions  were  fulfilled.    They  have  also,  as  shown 

running  tests,  a  great  capacity  for  over-loading.  B)aca  is  T  S" 
diameter  at  the  base,  so  that  the  floor  space  they  occupy  is 
remely  small  as  compared  with  the  ordinary  engine,  and  the 
ndations,  consequently,  are  much  less  costly.  Steam  is  supplied 
the  turbine  through  5"  pipes.  At  the  inlet  to  each  machine  is 
throttle  valve  and  a  screen,  to  prevent  particles  of  grit  from  get- 
Lg  into  and  injuring  the  turbine.  There  are  two  exhaust  outlets  to 
!h  machine,  one  at  the  end  of  the  flrst  stage  of  turbine  blades, 
ich  leads  to  the  atmosphere,  and  the  other  under  the  second 
ge,  which  leads  to  the  condenser.  The  former  is  12"  in  diameter, 
1  the  latter  16"  X  3'— ^4".  Between  the  turbines  and  condenser, 
ich  is  located  midway  between  them,  are  30"  gate  valves,  which 
s  closed  when  the  turbines  are  operating  non-condensing.  The 
solving  parts  of  the  turbine  and  the  generator  are  carried  on  a 
itral  shaft,  which  is  supported  on  a  foot  step  bearing  in  the  base 
the  machine.  This  bearing  is  kept  lubricated  and  cool  by  water 
ich  is  forced  in  at  300  lbs.  pressure.  Two  special  duplex  Worth- 
jton  pumps  are  provided  for  this  purpose.  They  draw  their 
ition  from  the  feed  water  pipe  in  order  to  secure  a  pure  supply, 
e  from  particles  of  grit.  The  upper  bearings  are  lubricated  by 
8 
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oil,  ^wOiicli  to  forced  in  by  a  apecial  pump,  the  oil  being  used  over 
and  over  again.  A  Davis  relief  valve  la  placed  on  the  atmospheric 
exhaust  of  each  machine,  which  provides  an  outlet  for  the  exhaust 
steam  should  anything  go  wrcmg  with  the  condenser.  The  speed 
of  the  turbine  is  regulated  by  a  centrifugal  governor,  which  operates 
magnetically  upon  6  butterfly  valves  controlling  the  same  number 
of  eteam  inlet  nozzles. 

The  exciting  current  for  the  turbine  is  provided  by  a  turW) 
generator  for  starting  up,  and  a  motor  generator  run  by  the  tur- 
bines ithemselves.  The  turbo  generator  is  a  horizontal  Canadian 
General  E#lectric  type  G,  2  pole,  25  K.W,  125  volt  machine,  operating 
at  3,600  r.p.m.  The  motor  generator  consists  of  an  induction  motor, 
type  1,  8  poles,  50  H.P.,  550  volt,  60  cycle,  operating  at  900  r.  p.  m.. 
mounted  on  the  same  shaft  with  a  30  K.W.,  125  volt  D.C.  generator. 

The  condensing  plant  of  the  power  house  is  interesting,  as  it 
presents  some  rather  novel  features.  For  condensing  the  exhaust 
of  the  two  500  K.W.  turbines,  a  surface  condenser  is  provided, 
which  is  midway  between  them.  On  account  of  the  difference  in 
elevation  of  14'  between  the  surface  of  the  water  of  the  canal  and 
that  of  the  drainage  ditch,  it  was  found  possible  to  syphon 
the  cooling  water  through  the  condenser  without  using  any  form 
of  circulating  pump.  The  water  is  drawn  from  the  canal  through 
an  inlet  pipe  into  the  top  of  the  condenser,  passed  through  the  tubes 
and  is  discharged  into  the  hotwell  tank  in  the  centre  of  the  power 
house.  The  elevation  of  the  water  in  this  tank  is  1]  feet  below  the 
surface  of  the  canal,  so  that  there  is  an  available  head  of  11  feet 
for  circulating  the  water  through  the  condenser.  The  condenser 
consists  of  inlet  and  outlet  chambers,  which  are  connected  by  i" 
brass  pipes,  having  a  total  cooling  surface  of  3,600  sq.  ft  Cooling 
water  which  is  introduced  at  the  top  at  one  end  goes  through  the 
tubes  and  is  discharged  from  the  bottom  at  the  other.  A  2"  by-pass 
is  provided  between  the  water  and  steam  compartments  so  that  any 
air  which  collects  from  the  water  space  may  be  drawn  off.  This 
by-pass  also  enables  the  air  pump  to  draw  a  vacuum  on  the  water 
space  for  starting  the  circulation.  The  condensed  steain  falls  into 
a  hotwell,  situated  underneath  the  condenser.  From  here  it  is 
discharged  to  the  return  tank  by  means  of  a  condenser  water 
pump,  which  is  operated  by  a  float  in  the  hotwell. 

Connected  to  the  top  of  the  steam  space  of  the  condenser  by  Z*' 
pipe  is  an  8"  X  16"  X  12"  horizontal  two-stage  rotating  air  pump, 
having  Corliss  air  inlet  valve  and  balanced  slide  steam  valve. 
When  tested,  this  condenser  maintained  a  vacuum  of  within  2"  of 
the  absolute. 

The  general  performance  of  the  generating  units  and  condenser 
is  shown  in  the  following  table  giving  the  results  of  a  test  made  on 
October  21st,  shortly  after  the  plant  commenced  running: 
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Total  water,  6.936  +  6,404 13,340 

Cooling   water   footstep   bearing  =  28.3  X  60..     ..     1.698 

Net  water  per  hour 11,642 

Kilowatts  from  wattmeter 486 

Kilowatts   from   voltmeter   and   ammeter,   496  X 

585  X  1,732  X  96.7  = 486 

11  542 
Steam  consumption  per  kilowatt  hour  — .'-—  =  . .  24  lU. 

486 
The  load  was  made  up  of  a  factory  load  of  about  100  K.W.  and 

a  water  rheostat.  The  steam  consumption  was  measured  by  weigh- 
ing the  condensed  steam  discharged  by  the  hotwell  pump,  from 
which  was  deducted  the  water  used  in  the  footstep  bearing.  The 
reading  of  the  barometer  was  29.83. 

The  air  compressor,  built  by  the  AUis-Chalmers-Bullock  Com- 
pany, is  of  the  Ingersoll-Seargent  type,  with  cross  compound 
air  cylinders  and  inter-cooler.  It  is  provided  throughout  with 
forced  lubrication.    The  diameters  of  the  cylinders  are  as  follows: 

High  pressure  steam 16" 

Low  pressure  steam 32" 

High  pressure  air.. 18J" 

Low  pressure  air 30i" 

The  stroke  is 30" 

When  operating  at  a  speed  of  85  r.p.m.,  this  compressor  gives 
a  displacement  of  approximately  2,125  cubic  feet  of  free  air  iper 
minute.  It  is  designed  for  a  final  working  pressure  of  100  lbs.  per 
square  inch.  The  air  cylinders  and  heads  are  water- jacketed,  the 
inlet  valves  are  all  of  the  piston  inlet  type,  and  the  discharge 
valves  are  of  the  poppet  pattern.  The  governor  is  furnished  wiCh 
air-regulating  attachments  operated  by  pressure  from  the  air  re- 
ceiver, oon trolling  the  steam  cut-offs  independently  of  the  action 
of  the  governor  valves,  so  that  the  speed  of  the  compressor  varies 
in  proportion-  to  the  amount  of  air  required  up  to  the  capacity  of 
the  compressor.  The  inter-cooler  has  330  square  feet  of  cooling 
surface  and  is  designed  to  reduce  the  air  to  atmospheric  tempera- 
ture before  it  enters  the  high  pressure  cylinder.  The  exhaust  of 
the  air  compressor  is  connected  with  the  atmospheric  exhaust  and 
also  connected  with  a  jet  condenser  pump,  which  will  maintain  a 
vacuum  of  26"  when  the  air  compressor  is  operating  at  full  load. 
This  jet  condenser  pump  is  8"  X  16"  X  18",  and  it  is  located  directly 
beside  the  foundation  of  the  air  compressor.  The  compressed  air 
Ifi  delivered  to  the  air-receiving  tank  shown  on  the  plan  and  from 
there  it  is  drawn  off  to  the  various  shops  as  required. 

The  turbines,  exciters,  surface  condensers,  feed  water  heater,  and 
switch-board  are  on  the  main  floor  of  the  engine  room.    A  base- 
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gnt  T  0"  high  below  this  is  provided  for  the  other  auxiliaries, 
d  to  give  space  to  the  various  pipes.  In  the  icentre  of  the  base- 
ant  is  a  concrete  well,  which  is  divided  into  three  parts  by  divl- 
)n  walls.  The  part  nearest  the  boiler  house  is  connected  with  the- 
nal  by  a  12"  pipe  and  forms  a  cold  well  or  water  supply  tank, 
rom  this  cold  well  the  water  is  supplied  to  the  feed  pumps,  to  the 
Qtrifugal  pump,  which  provides  the  mill  supply,  and  to  the  jet 
ndensor  connected  to  the  air  compressor.  The  surplus  water,, 
lich  flows  over  a  weir  wall  into  the  middle  <iivision,  is  carried 
^ay  to  the  drainage  ditch  by  a  24"  overflow  pipe.    The  third  part,. 

hotwell,  is  used  as  a  return  tank  for  all  the  hot  return  water. 
le  feed  pumps  draw  their  suction  from  this  part. 

The  feed  water  piping  to  the  boilers  is  arranged  in  a  ring  system 

provide  against  any  stoppage  of  the  plant  due  to  a  break  in 
^  feed  pipe.  On  its  way  to  the  boilers,  the  feed  water  passes 
rough  a  2,000  H.P.  closed  heater,  which  raises  its  temperature  to 
out  200*^  Fah. 

The  various  pipes  for  the  high  and  low  pressure  steam,, 
mpressed  air,  water  returns,  etc.,  are  carried  from  the  power 
use  to  the  two  main  buildings  through  concrete  tunnels,  the 
>ss  section  of  which  is  approximately  6  feet  square.  The  pipes 
3  carried  at  one  side  of  the  tunnel  on  iron  racks,  built  into 
)  concrete.  On  the  other  side  of  the  tunnel  is  a  wooden  rack 
■  carrying  the  wires  for  transmitting  current  for  power  and 
ht  to  the  main  buildings.  Almost  the  entire  length  and  depth 
the  tunnel  is  built  through  a  quicksand,  saturated  with  water.  It 
s  a  difficult  matter  to  make  these  tunnels  water-tight  In  one 
the  tunnels  the  walls  were  built  in  two  parts,  the  outside  4"  and 
J  inside  6"  thick,  of  concrete,  with  a  sheet  of  Carey's  roofing 
terial  in  between.    This  construction,  however,  did  not  prove  io 

entirely  satisfactory,  and  in  the  other  tunnel  the  walls  were 
de  somewhat  thicker,  and  no  interlining  was  used.  The  tunnels 
re  eventually  made  practically  watertight.  A  sump  hole  is  pro- 
ed  at  the  lower  end  of  each  tunnel.  Into  these  holes  any  water 
t  finds  its  way  through  the  walls  is  drained  and  from  them  it 
)umped  away  into  the  sewer,  a  small  steam  pump  being  provided 
the  .power-house  for  this  purpose. 

In  the  whole  design  of  the  power  house,  ample  provision  has 
n  made  for  future  extension.  The  extra  room  in  the  boiler- 
ise  has  already  been  referred  to.  At  the  west  end  of  the  engine 
m,  space  has  been  left  for  one  or  two  other  .turbine  units.  With 

necessary  condenser  and  auxiliaries.  The  steam  and  exhaust 
ders  and  feed  pipes  can  be  extended  so  as  to  serve  these  new 
ts.  The  switch-board  also,  is  so  arranged  that  additional  panels 
J  be  added  as  occasion  may  demand. 


DISCUSSION. 


3ii-.Ro*8.  Mr.    R.    a.    Ross    (M.  Can;  Soc.  C.  B.)— The   performance   of    the 

condenser  is  exceptionally  good,  giving  as  high  a  vacuum  as  28.7 
in.;     this   can    be   clearly    explained   by   taking   into   account   the 
temperature  of  the  circulating  water. 
Mr.  Cope.  mr.  E3.  G.  M.  Cape  (A.m.  Can.  Soc.  C.B.)— The   water   can    be 

circulated  without  starting  the  condenser  at  all,  by  simply  opening 
the    inlet    valves.      This    is    a   very    favourable    arrangement    for 
condensing. 
Mr.Koss.  The  turbine  is  certainly  a  wonderful  machine,  and  in  time  will 

probably  displace  the  other  styles  of  steam  engine  to  a  large  extent. 
At  present  It  is  doubtful  whether  it  has  reached  commercial  perfec- 
tion. If  an  ordinary  steam  engine  breaks  down  it  can  be  repaired 
by  the  aid  of  a  blacksmith  and  machinist ;  whereas  if  the  turbine 
breaks  down  special  men  and  appliances  for  repairing  are  necessary. 

With  respect  to  heating,  it  is  generally  cheaper  to  heat  large 
interiors  by  using  the  fan  system  instead  of  direct  radiation  ; 
especially  as  the  former  obviates  the  difficulty  of  finding  wall  space 
for  the  radiators  used  in  the  direct  system.  In  the  fan  system,  too, 
the  blast  can  be  thrown  wherever  desired. 

The  installation  of  the  fan  system  is 'cheaper  than  that  of  the 
direct  radiation  system  ;  but  Its  operation  is  somewhat  more 
oxpensive. 

After  a  careful  estimation  of  the  expense  of  the  two  systems,  the 
direct  radiation  method  was  decided  upon,  as  it  Is  found  to  be 
cheaper  in  Initial  cost  and  also  in  running  cost. 

Mr.  Allan  G.  MoAlVity  (M.  Can.  Soc.  C.  E.) — ^Were  not  the  fan 
people  asked  to  tender  on  heating  a  larger  area  than  the  others? 
On  the  same  basis  and  with  the  same  guaranteed  temperatures  there 
would  probably  have  been  less  difference  in  price  between  the  direct 
and  indirect  systems. 

A  good  deal  of  time  was  spent  in  making  up  this  tender.  The 
idea  was  to  use  the  fan  coil  as  a  condenser,  using  the  air  entering 
from  out  of  doors,  the  last  coil  to  take  all  the  condensation  from  the 
remainder  of  the  colls  ;  and  then  use  a  pump  similar  to  that  used 
with  the  condenser.  An  experiment  using  this  method  gave  a 
vacuum  of  twenty  inches  ;  however,  the  cost  is  admittedly  a  little 
high,  and  the  fan  system  quite  elaborate. 
Mr.  Cape.  The  first  tender   given    by    the    radiation    people  was  on  65.000 

square  feet  of  radiation  ;    but  as  this  was  too  small  an  area,  they 
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len  tendered,  by  request  of  the  Canada  Car  Co.,  on  a  considerably 
rger  area. 

iMB.  H.  GoLDMARK   (M.  Can.  Soc.  C.  E.)  —  The    question    of    cost  Mr.  ooidmark. 
ider  different  conditions  is  always  a  difficult  one  at  which  to  get. 
tiere  seems  to  be  very  little  difference  between  the  expense  of  the 
n  and  of  the  direct  radiation  system.     It  depends  mainly  on  the 
jgree  of  care  with  which  the  tender  has  been  worked  out. 
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PAPdR  No.  24S 

THE  DURABILITY   OF  WIRE  ROPE   UNDER  SEVERE 
CONDITIONS. 

By  T.  H.  ScnwiTZER,  Stud.  Can.  Soc.  C.  E. 

INTRODUCTION. 

Wire  was  originally  utilized  for  the  manufacture  of  wire  rope 
in  Germany,  in  1821.  Its  first  application  was  as  supporting  wires 
of  bridges  and  works  of  a  like  nature.  Wire  ropes  then  consisted 
of  a  number  of  wires  laid  parallel  to  each  other  and  externally 
bound  together  by  fine  wire  servings.  They  were  known  as  "Selv- 
age Ropes,"  and  in  this  form  we  have,  theoretically,  the  strongest 
rope,  but  it  possesses  too  many  disadvantages  to  be  used  ex- 
tensively. The  construction  Involved  a  number  of  parallel  unan- 
nealed  wires  of  from  0.06"  to  0.11"  In  diameter,  bound  together  with 
finer  wire  of  about  0.03"  diameter,  over  which  servings  of  woollen 
lint  and  tarred  yarn  were  firmly  wound.  This  was  the  type 
adopted  for  the  suspension  ropes  of  Brooklyn  bridge,  which  are  13" 
in  diameter.  Selvage  ropes  are  difficult  to  splice,  besides  being 
rigid  and  non-elastic. 

In  the  first  forms  of  ropes  only  iron  was  used,  but  within  the 
last  twenty  years  steel  has  almost  superseded  the  use  of  iron  in 
this  connection.  Wire  ropes  are  now  produced  of  great  strength 
and  flexibility,  so  the  scope  of  their  employment  has  become  very 
extensive. 

Formed  or  stranded  wire  ropes  were  introduced  about  1834,  and 
were  first  made  on  a  rope  walk.  Hand  vices  and  benches  were 
used  for  twisting  up  the  strands  and  closing  the  same  into  ropes, 
which  were  similar  in  construction  to  hemp  ropes,  and  so  hemp 
rope  machines  were  used  for  their  manufacture  until  1840,  when 
the  first  patent  was  taken  out  for  a  wire  rope  machine.  This  in- 
vention related  to  the  production  of  wire  roping  in  which  wires 
were  laid  spirally  around  a  core  to  form  a  strand,  the  strands  in 
turn  being  laid  around  another  central  core  to  form  a  rope,  the 
wires  forming  the  strand  and  the  strands  forming  the  rope  being 
kept  at  equal  distances  from  their  respective  centres. 

The  first  formed  or  stranded  ropes  had  the  component  wires  of 
their  strands  twisted  in  one  direction,  whilst  the  strands  forming 
the  rope  were  closed  in  the  opposite  direction.  About  1880,  a  form 
of  rope  known  as  Lang's  lay  was  introduced,  in  which  the  wires 
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>rmiiig  the  strands  and  the  strands  forming  the  rope  were  all  Jakl 
p  in  the  same  directioa. 

The  first  formed  ropes  were  made  of  soft  annealed  iron  wire  of 
bout  0.D59"  diameter,  twisted  into  strands,  and  four  of  these 
brands  were  in  turn  twisted  together  to  form  a  rope.  The  wires 
1  the  strands  and  the  strands  of  the  rope  were  twisted  in  opposite 
irections  with  the  Idea  of  keepini^  the  rope  from  imtwlstlnp;.  The 
ly  of  the  strands  was  about  IT*  pitch.  This  construction  was  soon 
)und  to  give  considerable  flexibility  and  was  easily  spliced. 

The  advant^ages  of  rope  laid  up  on  the  Ijang  system  are,  that  it 
)  somewhat  more  flexible  than  rope  of  th€  same  diameter  and 
omposed  of  the  same  number  of  wires  Mid  In  the  ordinary  mail- 
er, and  that,  owing  to  the  fact  that  the  wires  are  laid  more  nearly 
arallel  to  the  axis  of  the  rope,  longer  surfaces  are  exposed  to 
rear  and   the  endurance  of  the  rope  is  thereby   increase tt 
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In  Fig,  I,  it  will  be  noticed  that  the  wirt-a  forming  the  strand 
md  the  strands  forming  the  rope  are  laid  In  opposite  directions, 
vhich  is  the  form  adopted  in  the  manufacture  of  the  ordinary  lay 
)f  wire  rope  as  well  a^  hemp  and   man j Ha  ropes 

In  Mr.  11,  the  wires  composing  the  strands  and  the  strands 
'ormlug  the  rope  are  laid  in  the  same  direction  (right- hand):  this 
8  what  Is  hnown  as  l^anf^'s  lay  rope.  The  crown  of  the  stnmd  is 
ess  prononnced  than  in  the  ordinary  l;iy  of  rope,  st>  that  the  cut- 
ling  tendency  of  the  wire  is  reduced.  The  lay  or  pitch  of  the  wire 
n  strands  varies  from  about  three  to  four  times  the  diameter  of 
rope,  whilst  the  lay  or  pilch  of  strand  in  rope  rans^f^s  from  six  to 
:en  times  the  diameter  of  the  rope;  in  othet'  word^,  ;ibou'  two  to 
ihree  twists  are  put  in  strands  to  one  in  rope. 
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Another  form  of  wire  rope  has  been  introduced  in  the  last  few 
years  by  the  use  of  flattened  strands.  This  rope,  instead  of  being 
made  up  in  strands  of  circular  form  in  cross-section,  is  conBtnicted 
with  strands  each  of  which  has  one  or  more  flattened  surfaces, 
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Pig.  II. 

so  that  one  flattened  surface  is  exposed  on  the  outside  of  the  full 
length  of  the  rope.  In  Fig.  III.  is  shown  a  rope  of  this  description, 
and  it  (Will  be  noticed  \h?X  the  strands  in  rope  of  this  type  are 
formed  around  steel  cores  of  different  shapes;  these  steel  cores  in- 
crease the  strength,  but  decreases  the  flexibility  of  the  rope. 


Fig.  III. 


A  number  of  other  forms  of  wire  rope  have  been  attempted  at 
different  times*  but  the  Lang's  lay  and  the  ordinary  lay  of  ropes  are 
the  types  in  most  common  use  to-day. 
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WIRE  ROPE   IN  GENERAL. 

Wire  rope  generally  in  use  is  composed  of  a  hemp  centre,  around 
vhich  are  laid  six  strands  of  seven,  nine,  twelve,  or  nineteen  wires, 
hus  forming  a  rope  of  forty-two,  fifty-four,  seventy-two,  or  one 
lundred  and  fourteen  wires.  Ropes  of  seven  wires  to  the  strand 
ire  generally  used  for  standing  ropes,  guys,  etc.;  ropes  with  nine 
v^ires  are  frequently  used  for  haulage  ropes  in  mines,  on  inclines, 
ind  for  transmission  of  power;  while  ropes  with  twelve  wires 
ire  used  for  ship  rigging,  and  ropes  with  nineteen  wire  strands 
or  hoisting.    Wire  rope  is  as  pliable  as  hemp  rope  of  equal  strength 
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Fig.  IV. 

and,  therefore,  can   be   operated   over   sheaves   and   drums   of  the 
same  size  and  is  far  more  durable  and  efficient. 


TRADE    NAMES. 

The  trade  names  of  different  constructions  of  wire  rope  may  be 
a^ven  here.  A  "laid"  rope  consists  of  a  heart  composed  of  a  strand 
3f  either  hemp  or  wire,  around  which  are  twisted  six  strands  con- 
taining a  similar  heart  covered  with  six  wires. 

A  "formed"  rope  comprises  six  strands  laid  around  a  heart,  as 
explained  above,  but  each  strand  contains  a  larger  number  of  com- 
ponent wires,  e.g.,  around  the  six  wires  above  mentioned  an  outside 
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layer  of  twelve  wires  would  be  laid,  thus  making  ei^rhteen  wires  iu 
all,  independent  of  the  core. 

A  "  cable  laid  **  rope  consists  of  six  laid  ropes  closed  together  to 
form  one  cable  as  in  ordinary  hemp  roping  and  is  sometimes  used 
in  obtaining  certain  large  siases.  In  Fig.  IV.  are  shown  in  section 
a  number  of  different  forms  of  wire  rope,  among  which  will  be  seen 
an  example  of  cable  laid  rope. 

TESTS    ON    WIRE    BOPE. 

The  figures  given  in  this  paper  were  obtained  by  the  writer  while 
working  under  Mr.  John  Kennedy,  Chief  Engineer  of  the  Harbour 
Commissioners  of  this  city.  They  were  taken  under  working  con- 
ditions and  relate  to  a  number  of  wire  ropes  used  on  dredges.  The 
ropes  were  of  different  forms,  makes,  and  sizes,  ajid  were  used  under 
varied  circumstances,  and  were  made  of  plough  steel.  This  type 
of  rope  was  used  on  account  of  its  greater  fiexibility  and  strength. 


Via.  VI. 

and  on  account  of  the  great  wear  and  rough  usage  involved  in  this 
class  of  work.  The  name  plough,  given  in  BnglaniS  to  steel  wire 
of  high  quality,  was  derived  from  the  fact  that  such  wire  is  used 
for  the  construction  of  ropes  used  for  steam  ploughing  purposes. 
Experiments  by  Dr.  Percy  on  English  plough  steel  gave  the  follow- 
ing results:  Specific  gravity,  7.814;  carbon,  0.829%;  manganese, 
0.587%;  silicon,  0.143%;  sulphur,  0.009%;  phosphorus,  nil;  copper, 
0.030%.  No  traces  of  chromium,  titanium,  or  tungsten  were  found. 
The  ultimate  breaking  stresses  of  the  wire  were  as  follows: 

Diameter,  inch..       0.083  0.132  0.159  0.191 

Pounds   per  square   inch..  344,960      257.600      224,000      201,600 

The  elongation  was  only  hom  0.75  to  1.1%. 


DESCRIPTION    OF   ROPES. 

Figure  VI  is  a  diagram  of  the  arrangement  of  a  dipper  dredge  in 
which  are  shown  the  various  methods  in  which  the  wire  ropes  dis- 
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issed  in  this  paper  were  used,  ^t  A  is  seen  the  hoisting  wire,  B 
the  front  stay,  C  and  D  are  back  stays,  E  is  the  swinging  wire, 
hile  F  shows  the  an<:hor  wires.  The  roipes  are  fastened  to  a 
>cket  at  one  end  and  by  iron  clips  to  a  drum  at  the  other.  The 
gures  given  in  the  tables  all  refer  to  the  hoisting  wire  A,  which 
i  really  the  most  important  wire  of  the  dredge  as  far  as  its  work- 
ig  is  concerned,  and  is  the  one  that  has  to  be  renewed  most  fre- 
uently,  so  that  it  is  evidently  necessary  to  get  the  best  possible 
ire  for  this  purpose.  A  brief  descri^ption  of  other  wires  and  some 
^marks  on  them  will,  however,  be  given. 

The  front  stay  B  is  2"  diameter,  and  composed  of  six  strands 
t  nineteen  wires,  and  is  used  for  supporting  the  boom  of  the  dredge. 
;  has  sockets  on  both  ends,  which  are  fastened  to  the  outer  end 
r  the  boom  as  seen  in  Figure  VI.  The  wire  goes  around  a  cap 
^hich  turns  on  a  pivot  on  top  of  the  A  frame  of  the  dredge.  The 
lameter  of  the  cap  is  16"  and  the  cap  is  turned  on  the  pivot  by 
le  wire  which  swings  with  the  boom,  so  that  the  rope  has  a 
sndency  to  twist  the  strands  together,  or  to  loosen  them,  depend- 
ig  on  whioh  way  the  boom  swings.  The  maximum  swing  of  the 
oom  is  150**.  About  6  feet  from  the  top  of  the  A  frame  there  is 
a  iron  support  from  one  wire  to  the  other  which  can  be  seen  in 
'igure  V  and  which  materially  assists  the  wire  in  turning  the  cap. 
:  is  found  that  the  part  of  rope  B  which  goes  around  the  cap 
ears  out  quite  rapidly  and  has  to  be  watched  continually  as  it 
ould  be  of  serious  consequence  if  the  wire  should  give  way  en- 
rely.  The  average  life  of  the  rope  at  this  point  is  from  six  months 
>  a  year.  It  is  found  that  the  wires  of  the  strands  work  on  one 
iiother  and  eventually  cut  one  another  until  the  wire  breaks,  due 
)  the  strain  of  bending.  The  wire  is  generally  replaced  as  soon 
5  one  complete  strand  is  broken,  as  the  strand  would  uncoil  from 
le  rope  once  it  broke.  The  wire  almost  invariably  gives  way  at 
le  bend  at  the  top  of  the  A  frame,  whilst  the  rest  of  the  rope  is  in 
>od  conditi6n.  It  was  found  advisable  to  make  special  sockets,  so 
lat  the  bent  part  of  the  wire  could  be  renewed,  and  by  putting  in 
length  of  9  feet,  about  160  feet  of  wire  could  be  saved. 
The  back  stays  are  two  in  number,  the  long  one  (C)  being  1|" 
ia meter,  while  D  is  2"  diameter.  They  are  both  of  six  strands 
id  nineteen  wires  and  hav^  sockets  on  both  ends,  which  are 
stened  to  the  keelson  of  the  dredge.  The  wires  go  around  the 
Line  casting  at  the  top  of  the  A  frame  as  the  front  stay.  The 
ameter  of  the  casting  at  this  point  is  only  14"  and  one  wire  is 
30ve  the  other.  The  wires  are  crossed  over  one  another  on  their 
ay  to  their  fastenings  to  the  keelson.  These  wires  are  stationary 
:cept  for  the  motion  due  to  working  of  the  dredge.  They  are 
>ed   to  support   the    A    frame,  which    in    turn    supports  the  boom 
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through  the  front  stay,  mentioned  before.  It  is  found  that  these 
wires  have  a  long  life  when  compared  with  the  front  stay,  lasting,, 
as  a  rule,  from  four  to  six  years,  and  failing  in  the  part  working 
around  the  casting  at  the  top  of  the  A  frame.  This  would  show 
that  the  swinging  efTect  on  the  front  stay  greatly  shortens  the  life 
of  the  rope. 

The  anchor  wires  (E,  Fig.  VI),  are  2"  diameter,  and  composed 
of  six  strands  of  nineteen  wires.  These  wires  are  used  for  lifting 
the  spuds  of  dredges  and  also  for  pinning  up  dredges  when  work- 
ing. Each  spud  has  two  serparate  wires,  one  of  which  goes  up  over 
the  top  and  the  other  down  to  the  bottom  for  lifting  It.  The  wires 
from  both  top  and  bottom  lead  over  3<r  sheaves  on  the  deck  to  a 
drum,  on  which  both  are  wound.  These  ropes  have  a  fairly  even 
amount  of  wear  along  their  whole  length,  as  nearly  every  part 
of  the  wire  either  passes  over  a  sheave  or  Is  wound  on  a  drum. 
They  last  from  two  to  three  years,  depending  on  the  frequency  with 
which  the  dredge  is  moved.  Galvanized  ropes  have  been  tried  for 
the  lower  wires  which  go  into  the  water,  but  are  not  a  success,  as 
the  galvanizing  cracks  off  in  a  very  short  time  where  the  rope 
passes  over  the  sheave. 

The  swinging  wires  are  11"  diameter,  and  made  up  of  six  strands 
of  nineteen  wires.  They  are  connected  by  means  of  sockets  to  the 
boom  at  one  end  and  to  the  drum  of  the  swinging  engine  at  th^ 
other.  The  rope  goes  around  a  15-foot  swinging  table,  over  a  30" 
sheave  to  the  swinging  drum;  the  swinging  table  and  sheave  being 
in  different  planes.  These  ropes  are  kept  well  greased,  which  adds 
greatly  to  their  life,  as  has  been  proved  by  trying  one  rope  greased 
and  the  other  just  as  It  came  from  the  manufacturers.  The 
swinging  wire  usually  fails  where  it  passes  from  the  small  sheave 
on  to  the  turntable,  and  lasts  from  six  months  to  two  years. 

The  hoisting  wire  is  fastened  at  one  end  by  means  of  a  socket 
(see  Fig.  VII),  to  the  bucket,  while  the  other  end  is  fastened  by 
means  of  clips  to  the  large  hoisting  drum  shown  in  Figure  VIII. 
The  wire  is  carried  from  the  bucket  over  a  6-foGt  sheave  at  the 
end  of  the  boom  to  another  6-foot  sheave  at  the  foot  of  the  boom, 
as  shown  in  Figue  IX  ;  it  goes  from  this  sheave  to  a  third  6-foot 
sheave  under  the  deck  of  the  dredge,  from  which  it  goes  direct  to 
the  hoisting  drum  shown  in  Figure  VIII.  In  passing  from  the 
sheave  at  the  foot  of  the  boom  to  the  sheave  under  the  deck,  the 
wire  is  bent  in  opposite  directions.  This  wire  lasts  only  about 
two  months  on  an  average,  so  that  its  cost  is  a  matter  of  importance 
in  the  expense  of  operation  of  the  dredge.  In  the  tables,  the 
life  of  the  hoisting  wire  is  given  in  actual  working  hours,  to- 
gether with  the  amount  and  nature  of  material  dredged  in  that 
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e.    It  is  evident  from  the  tables,  that  the  nature  of  the  material 
dged  may  greatly  affect  the  life  of  the  rope. 

HOISTING    ROPES. 

rhere  are  four  different  sizes  of  ropes  given  in  the  tables,  namely: 
2g,  21,  an-d  2|  inches  in  diameter.  The  smaller  ropes  were  used 
6-foot  sheaves,  the  larger  ones  were  used  on  a  larger  and  more 
^erful  dredge,  which  has  8-foot  sheaves,  the  two  sizes  now  in 
on  dredges  are  21  and  23  inches  in  diameter,  running  over  6 
8-foot  sheaves  respectively.  The  diameter  of  the  drums  on 
ich  these  ropes  are  wound  is  about  3'  10",  increasing  in  size  to 
»ut  4'  6".    The  wire  has  a  fairly  even  wear  over  its  full  length. 


« r     I       * 


Flu.  IX. 

t  as  a  rule  gives  out  at  the  part  subject  to  the  bend  in  opposite 
ections.  The  wires  are.  kept  well  greased  with  black  oil  mixed 
th  a  small  amount  of  graphite,  and  very  often  the  ropes,  if  in  use 
l^i^e  time,  have  the  appearance  of  round  iron  bars.  The 
sed  of  the  wire  varies  considerably  with  working  conditions,  but 
i  average  lifting  speed  is  about  5  feet  per  second.  The  speed 
th  which  the  wire  unwintls  from  the  drum  is  probably  twice  that 
lifting,  as  the  wire  is  allowed  to  run  free  when  unwinding.  The 
it  of  the  rope  varies  with  the  different  makes  and  types,  and  is 
^en  in  the  following  tables. 


* 


STRESS  DUE   TO   RENDING. 

The  Stress  due  to  the  wires  being  bent  around  the  sheaves  is 
Lsiderable,  and  exceeds  the  tensile  stress  due  to  lifting.      Take, 
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for  example,  wire  number  1,  part  A,  in  table  VII,  in  which  there 
are  six  strands  of  thirty-five  wires,  each  wire  of  0.11-inch  diameter 
The  stress  due  to  bending  is  found  from  formula: 


♦/=    lA   where 

E  =  30,000,000, 

d  =  o,ii'' 

2R  =  72" 

30,000,000    X    O.ll 
then  /  = 

=  45,800  lbs.  per  square  inch. 
The  longitudinal  tension  is  found  from 
T 


—    d^n 
4 
T  =    100   tons, 

d^  =^  {o.iiy  =  0.0121 

«  =  6  X  35  =  210 

100  X  2000 
then/=     — 


where 


•7854  >^  210    X   .0121 
/  =  10,000  lbs.  per  square  inch. 

In  this  case  the  stress  due  to  bending  is  over  four  times  tha 
due  to  longitudinal  tension.  We  thus  have  a  total  stress  of  55,80i 
lbs.  per  square  inch,  due  to  the  bending  and  longitudinal  tension 
while  the  safe  working  stress  for  this  kind  of  rope  is  usually  takei 
at  about  51,000.  The  ultimate  strength  of  the  wire  is  generally 
from  five  to  seven  times  the  safe  working  load.  Table  1  gives  6af< 
working  loads  and  ultimate  strength  of  wire  rope  of  six  strands  ol 
seven  wires,  while  Table  II  gives  same  for  wire  of  six  strands  ol 
nineteen  wires. 

GENERAL    REMARKS. 

In  the  tables  will  be  found  information  regarding  the  life  of  wir 
ropes,  which  have  been  used  as  hoisting  ropes  on  dredges.  The 
ropes  as  before  stated  vary  in  size  from  2J  to  2i-in€ih  in  diametei 
and  were  used  on  6  and  8-foot  sheaves.  The  tables  give  the  amount 
of  material  dredged,  the  life  in  actual  working  hours,  and  the  natur* 
of  the  material  dredged.    The  ropes  were  made  by  different  firm 


*  See  L'nwlb'ii  Machine  Design,  pagi>  4H. 
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d  all  have  six  strands  to  the  rope,  but  have  a  different  number 
wires  to  the  strand.  The  rock  dredged  was  either  shale  or  trap 
ck»  some  of  -whloh  was  very  hard  to  dig,  and  some  of  which  was 
isted.  The  hard-pan  mentioned  was  almost  as  hard  to  dredge  as 
ck,  while  the  difficulty  of  digging  the  sand  and  gravel  varied 
cording  to  the   proportion   of  boulders   mixed   with   it.    It  will 

noticed  from  the  tables  that  the  nature  of  the  material 
edged  greatly  affects  the  life  of  the  rope  and  the  amount  dredged 
r  hour.  The  life  of  the  ropes  in  the  majority  of  cases  is  greater 
lere  rock  and  hard-pan  are  dredged  than  in  the  dredging  of  sand 
d  gravel,  and  although  the  life  of  the  rope  is  longer,  the  amount 
material  dredged  per  hour  is  much  less  for  rock  than  in  the  case 
sand  and  gravel.  Thus  the  cost  of  ropes  per  cubic  foot  per  hour 
r  rock  and  hard-pan  is  greater  than  that  for  sand  and  gravel, 
lis  can  probably  be  explained  by  the  fact  that  while  dredging  rock, 
e  wire  (although  it  has  a  heavier  strain  on  it)  is  not  rim  at  so 
gh  a  speed  on  account  of  the  care  that  has  to  be  exercised  in  rock 
edging.  The  speed,  on  an  average,  would  probably  be  half  of 
at  when  dredging  sand,  as  the  sand  offers  very  little  resistance 
the  bucket 

Care  should  be  taken  in  putting  on  new  wires,  as  they  are  very 
.ble  to  kink  and  thus  sustain  permanent  injury.  The  best  way 
to  mount  the  rope  on  a  reel  and  put  new  rope  on  from  the  reel. 

Lang's  lay  rope,  when  putting  on  new  rope,  tlie  strands  will 
metimes  unwind  sufficiently  for  one  to  see  the  central  core  quite 
linly,  but  as  soon  as  the  strain  is  put  on  the  rope  it  takes  its 
Iginal  form  without  any  perceptible  injury.    In  putting  a  socket 

a  rope,  about  6"  oil  the  end  is  turned  over,  pulled  into  the  socket 
id  babbitted  in  place.  Care  should  be  taken  in  turning  the  wires 
d  running  the  babbitt  into  socket,  as  the  wire  is  liable  to  pull 
rough  the  socket  if  this  work  is  not  properly  done.  Wire  ropes 
ould  be  kept  well  lubricated.  Plough  steel  wire  rope  is  very 
ficult  to  cut;  it  can  best  be  done  with  a  cold  set  and  sledge, 
e  rope  being  supported  on  something  solid.  Before  cutting  a  rope 
e  wire  should  be  bound  firmly  around  it  on  both  sides  of 
e  place  to  be  cut;  if  this  precaution  fs  not  taken,  as  soon  as  one 
'and  is  cut  through  it  will  fiy  up.  The  first  sign  of  failure  in  a 
re  rope  is  generally  the  breakage  of  a  single  wire,  followed  by 
e  breakage  of  other  wires  in  different  strands.  Sometimes  the 
pe  will  fail  completely  very  shortly  after  the  first  wire  breaks, 
t  more  frequently  will  last  a  considerable  time  after  the  first 
Ires  have  broken.  In  the  author's  practice,  a  hoisting  rope  was 
nerally  replaced  after  the  total  number  of  wires  broken  would 
rm  one  complete  strand;  on  one  or  two  occasions,  when  the  rope 
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was  not  replaced  at  this  period  of  its  wear,  the  rope  parted  sud- 
denly and  left  the  bucket  at  the  bottom. 

Figure  X  is  a  curve,  showing  the  relative  ultimate  strength  of 
Manilla  rope,  hemp  rope,  chain,  and  wire  rope.  It  will  be  seen 
that  wire  rope  and  chain  greatly  exceed  Manilla  and  hemp  rope 
in  strength. 

In  Figure  XI.  the  relative  weights  of  Manilla  rope,  hemp  rope, 
chain,  and  wire  rope,  have  been  plotted. 

From  the  information  given  in  Table  IX.  we  can  form  some  idea 
of  the  durability  and  cost  of  wire  rope  for  dredging  purposes. 
Taking  first  the  ropes  2\"  diameter,  ropes  1  and  2  of  this  table  are 
both  composed  oif  six  strands  of  nineteen  wires,  but  rope  1  is  of 
ordinary  lay,  while  rope  2  is  Lang's  lay.  The  nature  of  the  ma- 
terial dredged  is  almost  identical  in  the  two  cases.  The  average 
cost  of  wire  rope  per  cubic  foot  dre'dged  per  hour  for  number  1  is 
1.85  cts.,  while  cost  for  number  2  is  1.12  cts.,  per  cubic  feet  dredged 
per  thour,  indicating  that  for  this  class  of  work,  Lang's  lay  rope 
is  cheaper  than  ordinary  lay  rope.  The  table  also  shows  that  a 
rope  composed  of  six  strands  of  thirty-seven  wires  is  cheaper  than 
one  made  up  of  six  strands  of  nineteen  wires.  The  rope  with 
patent  triangular  core  does  not  give  so  good  a  result  as  rope  made 
up  of  six  strands  of  nineteen  wires,  and  would  probably  do  better 
if  stress  due  to  bending  were  not  so  great.  Referring  to  the  results 
for  ropes  numbers  6  and  5,  we  see  that  a  rope  of  six  strands  of 
twenty-six  wires  is  cheaper  than  rope  of  six  strands  of  nineteen 
wires,  while  rope  number  6,  composed  of  s\x  strands  oif  thirty  wires 
and  doing  more  rock  work  than  number  5,  with  about  the  same  cost 
per  cubic  foot  per  hour,  would  seem  to  be  still  more  economical. 
Rope  number  7,  with  wire  core  is  the  cheapest  of  all  the  21" 
ropes,  as  it  has  the  largest  percentage  of  rock  and  hard-pan, 
which  cost  only  0.93  cts.  per  cubic  foot  per  hour  to  dredge.  Com- 
ing next  to  the  21"  ropes,  we  find  the  same  result,  namely,  that  the 
Lang's  lay  rope  is  cheaper  than  the  ordinary  rope,  although 
the  Lang's  lay  is  doing  heavier  work.  Both  the  ordinary  and 
Lang's  lay  ropes  composed  of  six  strands  of  twenty-four  wires  are 
cheaper  than  the  Lang's  lay  rope  made  up  of  six  strands  of  nineteen 
wires.  A  similar  relation  holds  for  the  2S"  ropes  as  for  the  2^" 
and  2g"  ropes. 
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Table  1. 

Strength  of  plough  steel  ropes»  composed  of  six  strands  of  seven 
wires,  rope  having  a  hemp  centre. 


Diameter 

Weight  per 

Safe  Load 

Breaking 

in 

foot  in 

in 

Load  in 

inches 

lbs. 

ton? 
0  73 

tons 

^2 

0.125 

3.65 

A 

0  15 

0.87 

4.35 

I 

0.22 

1.27 

6.35 

\^ 

0.30 

1.71 

8.55 

A 

0.89 

2.20 

11.00 

A 

0.50 

2.80 

14.00 

t 

0.62 

3.40 

17.00 

U 

0.75 

4.20 

21.00 

i 

0.89 

4.80 

24.00 

t 

1.20 

6.40 

32.00 

1 

1  58 

8.40 

42.00 

H 

2.00 

10.60 

53.00 

n 

2.45 

12.80 

64.00 

1^ 

3.00 

15.60 

78.00 

n 

3.55 

18.20 

91.00 

Table  IL 

Strength   of    plough    steel    ropes,    composed    of    six    strands   of 
nineteen  wires,  rope  having  a  hemp  centre. 


Diameter 

Weight  per 

Safe  Load 

Breaking 

in 

foot  in 

in 

Load  in 

inches 

lbs. 

tons 

tons 

k 

0.10 

0.6 

3.00 

I 

0  22 

1.31 

6.55 

h 

0.39 

2.28 

11.4 

I 

0.62 

3.60 

18.00 

i 

0.89 

5  00 

25  00 

t 

1   20 

6.80 

.34.00 

1 

1.58 

8.80 

44.00 

U 

2.45 

13.4 

67.00 

n 

3.55 

19.20 

96.00 

M 

4.85 

25  60 

128.00 

2 

6.30 

•33.00 

165.00 

n 

8.00 

41.60 

208.00 

2i 

9.85 

50.80 

254.00 

n 

11.95 

61.00 

.305.00 

w 


Rope  under  Sezrre  Conditions 


165 


Table  III. 

Results  of  work  with  wire  rope  21"  diameter. 

(Rope  composed  of  six  strands  of  thirty-seven  wires,  having  a 
lemp  centre,  and  used  for  hoisting  wire  of  dredge.) 


Material 

Life  in 
hours      1 

Cubic 

Jfr\n 

Xo. 

dredged  in 

feet  per 

IvOCI 

7 

cubic  yds. 
63,475 

hour 

/o 

I 

825 

77 

2 

47.400 

795 

59.8 

50 

3 

43,083 

786       i 

54.8 

60 

4 

53736 

559       1 

97.6 

— 

5 

72,441 

1,207       . 

60  3 

87 

6 

42  390 

641       1 

65.2 

— 

t 

48,877 

495       ! 

88.5 

05 

8 

56,186 

1,103       1 

51 

94 

9 

61099 

810       1 

75.5 

62 

10 

51.149 

1,0.50       1 

48.6 

39 

11 

47,298 

699 

67.5 

.SO 

12 

83,745 

1,191 

70  2 

15 

13 

96.190 

948 

101.4 

04 

14 

83,067 

590      ; 

140.6 

15 

107,794 

571       ' 

188.6 

05 

16 

67  456 

415 

162.5 

30 

17 

49,950 

342 

145.8 



18 

136  050 

865 

157. 2 

— 

19 

56,400 

736       1 

76.5 

10 

20 

49,162 

531 

92.4 

70 

21 

84,666 

804 

105.3 

60 

22 

36,450 

599 

60.8 

— 

23 

.30,370 

417 

72.7 

60 

24 

40,525 

027 

64.5 

JO 

Hard 
Pan 

I     % 

100 

I     50 
40 


I  Gravel 
and 
Sand 


10 

90 

— 

13 

90 

10 

95 

— 

06 



38 

61 

— 

70 

— 

85 

— 

96 

— 

50 

50 

— 

95 

30 

40 

30 

70 

10 

90 



90 

— 

30 

— 

40 

100 

— 

40 

— 

— 

30 

Lay  of 
Rope 


Ordinary 
Lang's 
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Table  IV. 

Results  of  work  with  wire  rope  2i"  diameter. 

(Rope  composed  of  six  strands  of  thirty-seven  wires,  having  a 
hemp  centre,  and  used  for  hoisting  wire  of  dredge.) 


No. 

Material 
dredged  in 
cubic  yds. 

Life  in 
hours 

Cubic 

feet  per 

hour 

Rock 

% 

Hard 
Pan 

% 

Gravel 
and 
Sand 

% 

Lay  of 
Rope 

1 

100,486 

1,068 

94.1 

18 

06 

76 

Lang's 

2 

92.773 

1.416 

66.2 

1     05 

95 

— 

3 

68,473 

1,297 

45.0 

'     90 

— 

10 

4 

168.789 

1,029 

164.03 

1    — 

— 

100 

6 

158  996 

987 

162.00 

— 

10 

90 

6 

163,244 

1.339 

121.90 

20 

— 

80 

7 

186.800 

995 

187.60 

— 

— 

100 

8 

131,941 

631 

208.90 

— 

— 

100 

9 

100.428 

708 

141.70 

40 

— 

60 

10 

88,350 

706 

125.1 

1     — 

— 

70 

11 

1.36.550 

648 

210.7 

;   05 

— 

95 

12 

54.375 

568 

95.7 



50 

50 

13 

129.316 

666 

194.00 



10 

90 

14 

64.950 

518 

125.20 

— 

20 

80 

15 

104,200 

622 

167  50 



— 

100 

16 

114450 

669 

170.9 

—  ' 

— 

100 

17 

95.707 

658 

145.4 

30 

30 

70 

18 

86.181 

853 

101.03 

'    30 

40 

30 

19 

70.000 

639 

109.5 

10 

40 

50 

20 

103,552 

866 

119.6 

,     ^ 

50 

10 

21 

108.929 

671 

125.1 

30 

— 

70 

22 

62.925 

626 

100.5 

10 

40 

50 

23 

94  480 

952 

99.2 

70 

— 

30 

24 

31.784 

508 

62.5 

40 

60 



25 

34,702 

622 

55.7 

50 

50 

— 

26 

16,809 

340 

49.8 

60 

40 



27 

112.150 

751 

149.2 

10 

15 

75 

28 

73,869 

736 

100.3 

15 

16 

70 

29 

56  923 

744 

79.1 

— 

100 

— 
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Table  V. 

Giving  figures  for    2i"    ropes    of    different    makes,  all  ropea 
Lang's  lay,  and  used  for  hoisting  wire  of  dredge. 


of 


No. 

Material 
dredged, 
cubic  feet 

Life, 
hours 

Cubic 

feet  per 

hour 

c.  ■ 

lUrd 
Pan 

Gravel 

and 

Sand 

% 

1 

<£1 

.1 
1^ 

■Mi 

45.675 

427.6 

106.8 

__ 



ioo 

6 

i^ 

34,800 

244.5 

142.3 

10 

— 

90 

fi 

19 

•J 

105,940 

598 

177.1 

. — 

10 

^ 

6 

ae 

83.550 

724  5 

115.3 

20 

20 

60 

6 

26 

1 

197,480 

885 

223.1 

- 

— 

]00 

6 

r2 

105,375 

761.5 

138.3 

10 

— . 

m 

6 

3 

107,750 

636 

169.4 

_ 

.^ — 

100 

ts 

c. 

4 

113,785 

846.5 

134.4 

30 



70 

« 

5 

145,425 

862 

168.6 



10 

00 

6 

6 

147.100 

884 

166  4 

— 

10 

90 

n 

l7 

64  950 

489 

132.8 

10 

10 

80 

6 

")2 

119,194 

780.5 

152.7 

05 

a'j 

^> 

r> 

i» 

75,034 

480.76 

156  1 

05 

05 

90 

e 

19 

^\2 

79,883 

862 

92.6 

50 

25 

23 

R 

37 

31.810 

448.5 

70.9 

— 

100 

-^ 

H 

37 

p 

79,350 

563.5 

140.8 

30 

70 

— 

6 

30 

Al 

40,050 

346.5 

115.5 

m 

20 

^^ 

0 

30 

55  050 

554 

99.3 

LO 

— 

90 

6 

30 

u 

71.483 

883 

80.9 

80 

— 

20 

H 

30 

Note. — A  and  B  refer  to  rope  having  hemp  cjentre.  C  Is  for  rope 
of  special  construction,  having  patent  triangular  core  In  sirands,  as 
Bhown  in  Fig  3.  Length  of  twist  in  strand  Is  six  inches,  and  of 
rope  twenty-one  inches.  The  rope  has  a  hemp  centre.  Part  D  is 
for  extra  flexible  Lang's  dredge  cable;  the  rope  having  a  hemp 
cjentre.    Parts  B  and  P  refer  to  ropes  having:  hemp  centres. 
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Table  VI. 

Giving  figures  for  2g"  ropes  of  different  makes,  used  fot  hoisting 
wires  on  dredge. 


No. 

Material 
dredged, 
cubic  feet 

Life, 
hours 

Cubic 

feet  per 

hour 

Rock 

/o 

Hard 
Pan 

% 

Gravel 
and 
Sand 

1      ^ 

1 

1 
24 

Uy 

fl 

88,885 

573 

155  5 

0 

100 

;    ^ 

6 

Ord. 

AVI 

33  010 

428 

77 

91 

09 

1  _ 

6 

24 

•* 

l3 

33.385 

877 

108.5 

80 

10 

10 

6 

24 

Lang 

f 

1 

64,813 

635 

102 



30 

70 

6 

19 

2 

43,736 

819 

53  3 

100 

— 

1     — 

6 

19 

B^3 
4 
5 

51  578 

1  205 

42.8 

100 



!    — 

6 

19 

39,030 

862 

45.4 

50 

50 



6 

19 

82.164 

673.5 

122.0 

— 

10 

90 

6 

19 

Note. — Part    A    refers    to    ropes    having    hemp    centres.      The 
strands  were  made  up  as  follows:  — 

12  wires  0.16"    diameter. 
4      *•      0.142" 
4      "      0.122" 
4      "       0.104" 

Part  B  refers  to  ropes  having  hemp  centres.     The  pitch  of  the 
strands  is  twelve  inches  and  that  of  rope  is  twenty-four  inches. 
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Giving  figures  for  2)"  ropes  of  difterent  makes.  All  ropes  of  this 
able  are  of  Lang's  lay  and  'have  heUip  centres,  except  that  of  D, 
rhich  has  a  wire  centre.    All  used  for  hoisting  wire  on  dredge. 


'Jo. 

Material 
dredged. 

Life, 
hours 

Cubic 
feet  per 

Rock 

Hard 
Pan 

Gravel 

and 

Sand 

% 

00 

I 

cubic  feet 

hour.  • 

/o 

% 

i3 

S- 

^M 

1 

37,740 

480 

78  5 



100 



« 

35 

.u 

52,335 

787 

66.5 

12 

78 

_ 

6 

19 

47.340 

545 

86.8 

10 

10 

80 

6 

19 

(3 

34,568 

345 

100.0 

— 

10 

90 

6 

19 

n 

123,939 

696.5 

177.9     , 

05 

15 

80 

6 

37 

.2 

55,630 

738.5 

75.2     1 

50 

50 

— 

6 

37 

h 

123,250 

655 

188.1 

._ 

— 

100 

6 

37 

u 

58,700 

544 

107.8 

20 

80 

6 

37 

►U 

137,331 

772.5 

177.7 

- 

— 

100 

6 

37 

.ii 

78  265 

904.5 

86.5 

40 

— 

60 

6 

19 

'  1  2 

31,775 

349 

91.1 

05 

95 

6 

19 

Note. — Part  A  is  for  rope  in  which  the  strands  are  made  up  of 
ire  0.112"  diameter.  Part  D  is  for  a  rope  having  a  wire  centre 
f  six  strands  of  seven  wires.  Part  E  is  for  one  known  as  Lang's 
Etra  flexible  dredge  cable. 

Table  VIII. 

Giving  figures  for  22"  rope.  All  ropes  of  this  table  are  of  Lang's 
ly  and  have  wire  centres,  composed  of  six  strands  of  seven  wires. 


No. 


Material 

dredged, 

Cubic  feet 


73,444 
92,894 
91,286 
88,027 
58,940 

82,934 
116,057 


Life, 
hours 


616 
923.5 

8SG 
949 
861 

916 
930.5 


Cubic 

feet  per 

hour. 

Rock 

% 

Hard 
Pan 

% 

Gravel 

and 

Sand 

1 

119.2 

40 

60 

1 

6 

19 

100.5 

87 

13 

1   — 

6 

19 

103.1 

30 

70 

1 

6 

19 

84.3 

76 

— 

24 

6 

19 

68.4 

70 

— 

1     30 

6 

19 

9   .5 

40 



60 

6 

37 

124.7 

25 

— 

75 

6 

37 

^ 
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DISCUSSION. 

Mr.  J.  Kennedy  (M.  Can.  Soc.  C.  R)— The  paper  has  given  much  Mr.  Kennedy 
seful  information.  There  are,  however,  besides  the  cost,  a  number 
I  matters  regarding  ropes  which  must  be  taken  into  consideration — 
ich  as  the  lay  of  the  rope,  the  number  of  bends  over  sheaves,  etc. 
he  experience  is  that  the  main  hoisting  rope  on  dredges  wears  out 
sry  rapidly,  and  consequently  the  number  of  bends  that  the  rope 
lakes  has  much  to  do  with  its  length  of  life.  The  destruction  of 
le  rope  commences  when  it  is  first  bent  over  a  sheave,  and  there- 
)re  the  diameter  of  the  sheave  has  a  good  deal  to  do  with  the 
ingrth  of  time  the  rope  will  last.  In  dredging,  experience  shows 
lat  ropes  with  the  long  twist  and  loose  lay  last  better  than  the 
ther  kinds,  as  they  slip  better  than  the  tight  lay  ropes,  and  as  the 
fusion  is  very  much  more  evenly  divided.  It  is  also  of  great 
nportance  to  keep  the  rope  well  oiled,  as  it  seems  to  equalize  the 
treeses  over  the  diffeirent  strands. 

Mr  J.  A.  Jamieson  (M.  Can.  Soc.  C.  E.) — All  that  has  been  said  Mr.JamieMm. 
Bgarding  the  diameter  of  the  sheave,  the  number  of  bends,  the  lay 
f  the  rope,  etc.,  can  easily  be  corroborated. 

Mb,  p.  p.  Sheabwood  (M.  Can.  doc.  C.  E.) — ^The  number  of  wires  Mr.  sheamonri. 
1  a  strand  seems  to  affect  the  quality  of  the  rope.  Could  not  ropes 
e  made  with  a  greater  number  of  wires? 

This  does  not  eeem  to  increase  the  strength.    Very  few  wires  give  Mr.  Kennedy, 
oor  results,  as  they  cannot  bear  great  pressure  ;    the  strands  con- 
ainixrg  from  twenty-five  to  twenty-eight  wires  stand  the  wear  and 
be  strain  best. 
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MINING  SECTION. 

President— J.  B.  Porter. 
Vice-President— H.  C.  Burchell. 

A  meeting  was  held  April  5,  1906,  Dr.  J.  B.  Porter  In  the  chair. 
In  order  to  allow  time  for  the  discussion  of  Mr.  Goldmark's  paper, 
It  was  decided  to  consider  the  papers  hy  Mr.  Ck)le  and  Mr.  Howell 
as  read. 

At  the  suggestion  of  the  Chairman,  that  the  Society  voice  itself 
on  the  question  of  the  unification  of  the  various  Provincial  mining 
laws,  Mr.  Johnson  moved  that  it  was  the  desire  of  the  meeting  that 
the  different  Provincial  Governments  unify  their  respective  mining 
laws  as  far  as  practicable.    This  was  seconded  by  Mr.  Jamieson. 

Mr.  Groldmark  then  showed  a  series  of  lantern  slides  illustrating 
different  methods  of  constructing  reinforced  concrete,  and  the  for- 
mation of  fractures  in  loaded  concrete.  Among  these  was  an 
interesting  slide  representing  a  building  which  suffered  in  the 
Baltimore  fire.  The  floors  and  columns  had  remained  intact.  Other 
slides  showed  certain  reinforced  concrete  bridges  constructed  in 
different  parts  of  the  United  States.  Many  of  these  bridges  are  very 
extensive  works,  having  in  some  cases  spans  over  100  feet  long. 
The  speaker  considered  these  structures  more  durable  than  steel, 
and  more  economical  than  stone. 

Mr.  F.  P.  Shear  wood  then  presented  the  following  paper  : 

The  author  has  certainly  given  the  Society  a  paper  which,  by  its 
usefulness  and  simplicity,  must  prove  of  great  value  and  assistance 
to  the  members.  He  has  presented  the  different  formulas  in  a  way 
that  enables  them  to  be  followed  and  understood  with  very  little 
trouble. 

In  studying  the  paper  there  are  several  claims  made  for  rein- 
forced concrete  which  seem  too  confidently  asserted  in  the  view  of 
present  knowledge. 

With  regard  to  the  permanence  of  steel  concrete,  it  is  stated  that 
most  American  engineers  are  satisfied  that  no  corrosion  takes  place 
In  properly-designed  constructions,  and  their  opinion  is  Justified  by 
many  observations  in  regard  to  the  metal  encased  in  cement  mortar 
of  suspension  bridges  and  buildings,  where  the  iron  has  shown  little 
or  no  deterioration.  In  the  case  of  the  anchorages  of  suspension 
bridges,  the  surface  of  the  concrete  has  to  undergo  little  or  no 
tension  which  is  likely  to  produce  cracks,  and  in  the  buildings  it  is 
probable  that  there  exist  no  elements  to  produce  deterioration  of 
the  iron,  even  should  the  iron  be  entirely  exposed. 
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Great  confidence  is  placed  in  tests  made  on  reinforced  concrete 
Dd  formulas  are  based  on  the  ultimate  strength  sbown  by  these 
Bsts,  which  have  been,  so  it  seems,  almost  invariably  made  for  a 
ingle  loading.  In  considering  the  nature  of  the  materials  to  be 
ealt  with,  the  testing  of  a  beam  for  a  single,  or  even  for  a  few 
)adings,  does  not  prove  that  the  beam  will  not  deteriorate  under 
requent  loadings  which  have  been  sufficient  to  strain  the  concrete 
1  tension  beyond  the  elastic  limit.  Until  quite  recently  reinforced 
oncrete  was  only  used  for  buildings  and  like  structures,  where  the 
)ads  for  which  they  were  designed  were  seldom,  If  ever,  reached, 
nd  it  is  probable  the  concrete  on  the  tension  fiange  was  never 
trained  beyond  its  elastic  limit  On  many  struL-fures  being  built 
1  the  present  day,  especially  bridges,  or  parts  thereof,  for  railway 
raffle,  the  case  is  very  different,  for  the  loading  approxim^ites  the 
laximum  every  time  a  locomotive  crosses  them.  It  Is  etatetl  In 
be  paper  that  the  concrete  can  stand  more  elongation  without 
racking  when  steel  is  embedded  in  it,  a  statement  which  is  hard 
)  understand.  The  more  plausible  solution  of  this  apparent  action 
»,  that  minute  openings  in  the  concrete  do  occur  when  strained 
eyond  the  elastic  limit,  but  owing  to  the  elasticity  of  the  steel  the 
iirface  is  completely  closed  up  again  when  the  load  Is  relieved.  If 
liis  is  what  really  occurs,  then  the  beam  has  undergone  a  certain 
mount  of  fatigue,  and  it  may  happen  that  the  cracks  may  become 
0  frequent,  or  one  or  two  become  so  pronounced  by  the  failure  of 
he  adhesion  to  the  bar  of  the  concrete  adjoining  the  crack,  that  in 
ime  the  total  adhesion  of  the  concrete  becomes  destroyed.  Con- 
idering,  for  the  sake  of  explanation,  the  example  given  near  the 
nd  of  the  paper,  in  which  a  unit  stress  of  14,000  pounds  per  square 
Dch  is  given  as  a  working  stress  on  the  steel,  and  as  E    Is  1/10  of 

« ,   the   concrete   around   the   steel    must   be    drained   to    i4uw_ 

m 
,400  pounds  per  square  inch,  but  the  tensile  strength  of  concrete 

3  only  about  100  pounds,  therefore,  under  ideal  conditions,  the  steel 

Qust  have  elongated  beyond  the  elastic  limit  of  the  concrete  for 

bout  70%  of  its  length    (assuming    centre    loading  of  the  beam). 

Ls  the  steel  is  well  within  its  elastic  limit,  it  hag  stretched  through- 

-ut  its  length  in  direct  proportion  to  the  stress,  therefore  the  con- 

rete  around  the  steel  has  been  fractured  in  an  infinite  number  of 

Places. 

In  actual  practice  this  probably  does  not  occur,  and  the  bar  is 
illowed  to  elongate  partly  by  cracking  the  concrete  and  partly  by 
ilipping  and  destroying  the  adhesion,  thereby  showing  a  few  notice- 
Lble  cracks. 

To  illustrate  further  the  possible  fatigue  of  a  beam,  suppose  a 
einforced  beam  with  rods   in   the   lower   flange    is    loaded  In  the 


Sketch    showing    pdodadlc  method  of  failupc  of 

A   RCINFOPCCD    COKCDCTC    BEAM    IF  TtN5tON    FLANGE 
iS   STPAINED    HIGH    ENOUGH    TO    CPACK    THE   CONCRETE. 


Disfribufion  of  Web  Straao  before  Concrefe  19  cracked 


Tension 


.  Compression 


Maximum 

Oiafribufion    of  Web  Stresses  when  Concrete  is 
cracked    near  centre   of  beam. 


Distribution    of  Web   Stresses  when  Concrete  is  cracked 
still^further  from    the    centre. 


Distribution  of  Web  Stresses  when   Elongation  of  bars  has  been 
enough  to  crack  Concrete  throughout  length  of  beam. 
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entre,  we  can  Imagine  the  web  stresses  to  be  carried  to  the  sup- 
orts  by  a  series  of  diagonals  as  shown  in  the  sketch,  the  tension 
tresses  travelling  from  bottom  to  top.  At  and  near  the  centre,  the 
)wer  fibres  of  the  cpncrete  are  strained  beyond  their  strength  and 
re  cracked.  This  destroys  the  value  of  the  centre  tension  diagonal, 
nd  the  lower  chord  stresses  are  then  a  maximum  from  the  centre 
D  the  next  diagonal,  which  also  means  that  the  stress  In  the  lower 
lb  res  on  the  abutment  side  of  the  next  diagonal  is  increased  beyond 
he  strength  of  the  concrete,  and  thereby  renders  another  diagonal 
neffective,  making  the  maximum  chord  stress  extend  still  farther 
rom  the  centre,  and  so  by  degrees  breaks  the  tension  value  of  the 
oncrete  throughout. 

By  this  reasoning  a  very  probable  theory  can  be  formed  as  to 
he  cause  of  the  final  breaks  of  many  beams  tested,  for  they  gener- 
illy  show  the  final  crack,  reaching  from  a  point  in  the  lower  flange 
tear  the  support  to  a  point  in  the  upper  flange  near  the  load,  indi- 
ating  an  action  similar  to  that  explained  above,  the  ultimate 
allure  occurring  through  the  imaginary  web  members  having 
ailed  to  such  an  extent  that  there  is  not  enough  aSdhesion  back  of 
he  line  wherein  the  load  is  being  transferred  to  the  support,  and 
he  bar  pulls  out  of  the  concrete,  and  the  break  extends  from  this 
)oint  to  the  load. 

It  can  be  easily  imagined  that  a  beam  that  is  called  upon  to 
uipport,  at  frequent  intervals,  loads  which  are  great  enough  to 
Tack  the  concrete,  will  be  likely  to  suffer  in  this  way.  Each  time 
he  load  is  applied,  the  deflection  is  slightly  more  on  account  of  a 
lomewhat  longer  length  of  lower  chord  being  stressed  at  its  maxi- 
num,  thereby  producing  slightly  more  impact,  and  so  cracking  the 
concrete  farther  and  farther  from  the  centre  until  the  adhesion  at 
he  ends  fails. 

Considering  the  formulas  given  in  the  paper  for  the  proportion- 
ng  of  reinforced  concrete  beams,  they  are  all  based  on  the  assump- 
ion  that  the  concrete  on  the  tension  side  is  destroyed  so  far  as  its 
'esistance  to  tension  stress  is  concerned,  for  at  loadings  which  are 
vithin  the  elastic  limit  of  the  beam,  that  is,  within  the  point  at 
vhich  permanent  failure  of  any  particle  of  the  structure  occurs,  the 
leutral  axis,  instead  of  being  above  the  centre  of  area,  must  be 
)elow,  assuming  that  the  modulus  of  elasticity  of  concrete  in  tension 
ind  compression  is  the  same  before  the  elastic  limit  is  reached. 

Supposing  the  stresses  in  a  reinforced  concrete  beam  to  act  in 
he  same  way  as  a  steel  beam,  the  correct  method  to  figure  the  safe 
irorking  load  would  appear  to  be  that  in  which  the  steel  reinforce- 
nent  is  assumed  as  so  much  concrete  of  equivalent  resistance,  and 
»n  this  assumption  the  neutral  axis  and  the  moment  of  resistance 
ihould  be  calculated. 
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Until  it  is  shown  conclusively  that  the  destruction  of  the  con- 
crete on  the  tension  side  of  a  beam  does  not  impair  the  strength  or 
durability  of  reinforced  concrete,  beams  should  be  designed  so  as 
not  to  exceed  the  elastic  limit  of  concrete  in  tension. 

Tests  on  reinforced  concrete  beams  have  generally  shown  that 
smooth  bars  do  not  give  as  high  results  as  corrugated,  twisted,  or 
other  irregular  shapes.  This  would  appear  to  show  that  the  adhe- 
sion  of  the  concrete  is  one  of  the  first  thingps  to  be  destroyed,  and 
points  to  the  probable  fact  that,  although  the  irregular  bars  may  give 
a  higher  ultimate  strength,  the  strength  at  which  the  beam  can  be 
strained  without  permanent  injury  is  governed  by  the  adhesion  of 
the  concrete,  for  if  this  has  been  destroyed,  and  the  steel  is  gather- 
ing up  its  tension  by  the  bearing  of  the  corrugations  against  the 
concrete,  it  must  induce  a  slight  movement  which,  with  frequent 
loadings,  is  apt  to  increase  and  finally  destroy  the  concrete  projec- 
tions which  bear  against  the  corrugations. 

Another  point  which  has  been  observed  in  the  experiments  Is 
that  beams  with  bars  turned  up  towards  the  upper  flange  give 
higher  values  than  those  which  are  made  with  straight  bars  close 
to  the  tension  edge.  From  this  it  must  be  assumed  that  the  ten- 
sion value  of  the  concrete  is  over-taxed,  and  the  diagonal  bars  are 
introduced  to  form  the  tension  diagonals  of  the  web  system  of  the 
beam,  and  indicates  that  care  should  be  taken  in  designing  a  beam 
to  see  that  no  condition  of  loading,  settlement  of  supports,  or  tem- 
perature stresses  will  produce  tensional  strains  in  concrete  which 
is  not  reinforced. 

Uncertainty  in  the  value  of  concrete  to  resist  tension  or  its 
adhesive  power  is  evidently  well  recognized  by  many  engineers 
interested  in  this  construction,  and  it  may  be  well  to  quote  from  a 
paper  read  last  month  before  the  American  Society  Civil  Bngineers 
by  Captain  Siewell,  who  has  had  large  experience  in  this.worl^.  In 
concluding  his  paper,  he  draws  the  following,  among  other 
conclusions: 

"  For  all  girders  and  beams,  and  for  all  fiat  slabs,  if  the  best 
results  are  sought,  there  must  be,  in  addition  to  the  main  horizontal 
reinforcement,  web  members,  arranged  along  the  lines  of  tensile 
web  stresses,  and  rigidly  attached  to  the  horizontal  reinforcement; 
they  must  be  spaced  so  that  the  aggregate  area  of  cross-section  will 
increase  in  proportion  to  the  increase  of  the  total  web  stresses,  as 
the  abutments  are  approached;  some  web  members  should  be  added 
as  counter-braces,  according  to  circumstances. 

"  The  adhesion  or  bond  of  that  portion  of  each  web  member 
traversing  the  compressed  part  of  the  concrete,  should  be  sufficient 
to  develop  the  strength  of  the  member,  and  the  attachment  of  the 
member  to  the  horizontal  reinforcement  should  be  equally  strong. 
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Vlechanlcal  bond  should  be  used  in  upper  part  of  the  web  members, 
[f  there  is  the  least  doubt  as  to  the  adhesion." 

From  this  It  is  evident  that  experience  and  study  have  taught 
tiim  to  put  little  or  no  reliance  in  the  tension  value  of  concrete,  nor 
[n  its  adhesive  qualities  while  under  tenslonal  stress.  These  con- 
clusions must  recommend  themselves  to  all  as  being  in  the  direction 
Df  safety  in  design,  but  it  will  naturally  occur  to  many  that  they  do 
aot  entirely  clear  away  the  uncertainties.  For  Instance,  it  may  be 
>ointed  out  that,  although  a  beam  may  have  ample  steel  to  resist 
ill  the  tenslonal  stresses  in  the  flange  and  web,  and  nominally  only 
elies  on  the  concrete  to  carry  the  compression  stresses,  either  a 
remendously  high  bearing  pressure  between  the  steel  and  concrete 
it  the  intersection  of  the  web  and  chord  steel  members  must  exist, 
)r  very  great  secondary  bending  stresses  be  Introduced. 

Would  it  not  be  advisable  to  make  impact  tests  on  this  construc- 
ion?  Judging  by  th«  nature  of  the  breaks  which  occur  in  ordinary 
ests,  it  is  probable  that  the  results  would  compare  unfavorably 
vith  steel. 

When  comparing  this  method  of  construction  with  steel,  it  is 
veil  to  remember  that  the  factors  of  safety  in  common  use  for  the 
;wo  methods  are  nominally  the  same,  but  the  factor  of  Ignorance 
n  the  case  of  steel  is  practically  nil,  while  who  can  say  for  certain 
K-hat  it  is  in  the  case  of  reinforced  concrete?  In  steel,  every  joint, 
'ivet,  etc.,  is  capable  of  being  examined,  and  is  inspected  in  all 
mportant  work,  samples  of  all  materials  used  in  a  structure  are 
:ested,  in  fact,  there  is  little  chance  for  faulty  work  or  material 
)eing  used.  Practically  every  particle  of  the  structure  is  accurately 
)roportloned  for  every  conceivable  condition  of  loading  or  abuse 
vhich  can  be  imposed  on  the  work.  Designs  with  intermediate 
(tresses  are  seldom  used,  and  if  so  the  members  are  generally  made 
[:ood  for  extreme  conditions.  In  reinforced  concrete,  on  the  other 
land,  the  Joints  are  out  of  sight,  and  it  is  Impossible  to  verify  the 
!act  that  the  adhesion  Is  good,  that  the  bars  were  not  displaced 
vhen  the  concrete  was  applied,  and  that  many  other  possible  defects 
n  the  Interior  of  the  beam  have  not  occurred.  There  is  practically 
lo  accepted  theory  for  the  proportioning  of  the  material,  and  gener- 
illy  there  Is  reason  for  a  feeling  of  great  uncertainty  as  to  its  real 
itrength. 

Mk.  H.  Goldmark  (M.  Can.  Soc.  C.  E.)— Mr.  Shearwood's  paper 
s  very  Interesting,  still  its  conclusions  have  not  altered  my 
opinions.  It  seems  questionable  whether  the  small  cracks,  so  care- 
uUy  described,  really  exist,  since  they  are  invisible.  Web  supports 
ire  of  great  importance  in  doing  away  with  shear  stresses. 

The  following  paper,  by  Mr.  Kahn,  a  concrete  expert  of  Detroit, 
s  in  reply  to  the  arguments  advanced  by  Mr.  Shearwood; 
10 
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Mr.Kabn.  The  criticl0m8  by  Mr.  Shearwood  are  yery  able,  and  inductiye  of 
some  very  good  discoBslon.  He  agrees  with  current'  opinion  among 
reinforced  concrete  engineers,  that  steel  imbedded  in  concrete  in 
building  construction  is  amply  protected  against  rust.  However,  he 
takes  exception  to  the  use  of  this  same  principle  in  structures  that 
are  exposed  to  the  elements,  such  as  bridges.  His  chief  objection 
is  that  when  under  transverse  loads  a  reinforced  girder  will  deflect, 
and  the  stretch  in  the  steel  will  be  greater  than  the  corresponding 
stretch  in  the  concrete:  therefore  there  will  be  a  rupture  between 
the  two,  which  will  prevent  a  complete  protection  of  the  steel. 

There  can  be  no  question  but  that  the  concrete  will  crack,  due  to 
its  deflection.  But  these  cracks  are  distributed  by  the  steel  over  the 
entire  length  of  the  girder,  and  are  probably  subdivided  into  many 
thousands,  each  of  which  is  so  small  that  it  cannot  be  observed  by 
the  naked  eye,  or  any  ordinary  means  of  measurement  So  small 
are  these  cracks  that  they  are  only  of  theoretical  signiflcance,  and 
effect  the  concrete  no  more  than  the  ordinary  porosity  of  any 
substance  would  do. 

Experiments  have  been  made,  proving  conclusively  that  merely 
a  coat  of  cement  paint  over  a  steel  member  will  protect  it  better 
than  any  of  the  ordinary  paints.  Cement  protects  steel  by  virtue 
of  a  chemical  composition,  which  prevents  the  formation  of  any 
acid,  such  as  oxide  of  iron:  therefore,  even  though  minute  cracks 
form  on  the  underside  of  the  beam,  it  is  scarcely  likely  that  they 
will  interfere  with  the  cement,  which  would  of  necessity  surround 
the  steel  member.  Therefore,  this  protection  against  rust  is  not 
affected  any  more  by  minute  cracks  in  the  concrete  than  by  the 
porosity  of  the  latter. 

To  test  this,  some  experiments  were  made  a  few  years  ago  by 
the  Boston  Transit  Commission,  with  reference  to  the  use  of  con- 
crete in  the  ESast  Boston  tunnel.  Blocks  of  concrete  were  made, 
and  pieces  of  clean  and  of  rusty  iron  were  placed  therein.  Then 
these  were  subjected  for  two  years  to  alternate  immersions,  for  a 
month  at  a  time,  in  water  and  then  in  air.  The  blocks  were  of  such 
dimensions  and  quality  of  concrete  that  there  was  no  question  but 
that  the  water  thoroughly  permeated  through  the  entire  mass. 
However,  when  these  blocks  were  broken,  there  was  absolutely  no 
indication  of  rust  upon  the  steel  members,  and  it  was  almost  impos- 
sible to  tell  which  pieces  were  rusty  when  they  were  placed  in  the 
block  and  which  were  not. 

The  conclusion  necessarily  drawn  is,  that  even  though  water 
reaches  steel,  which  is  imbedded  in  concrete,  the  chemical  forma- 
tion due  to  the  ingredients  in  the  mixture,  prevents  the  formation 
of  an  acid  called  rust. 


Formulas  for  Reinforced  Concrete  Beams  179 

Mr.  Shearwood'8  opinion  on  repeated  loadings  for  beams  is  very 
iteresting,  although  we  have  the  best  proof  of  the  value  of  con- 
rete  in  resisting  such  stresses  in  referring  to  the  bridges  that  have 
Ben  constructed  and  in  use  for  many  years.  Europe  Is  full  of  such 
Dod  examples.  Naturally,  in  the  design  of  a  railway  bridge,  one 
ould  reduce  the  stress  in  the  steel,  thus  allowing  a  less  amount  of 
Wretch,  and  a  smaller  difTerence  between  that  and  the  stretch  of  the 
>ncrete. 

The  writer  would  consider  it  desirable  that,  for  railway  bridges 
r  other  structures  subject  to  rapidly  moving  loads,  a  much  greater 
ictor  of  safety  be  used  than  for  quiescent  loadings:  For  buildings 
r  structures  receiving  static  loads  a  factor  of  safety  of  21,  based 
pon  the  elastic  limit  of  the  steel,  would  seem  entirely  satisfactory; 
ut  for  structures  subjected  to  rapidly-moving  loads,  a  factor  of 
a.fety  of  3  or  3i,  based  upon  the  elastic  limit  of  the  steel,  would  be 
referable.  Where,  however,  such  rapidly-moving  loads  are  in 
uestion,  there  is  a  serious  objection  to  the  use  especially  of  high 
tastic  limit  steel,  procured  by  adulterating  with  carbon.  Such  an 
dulteration  of  carbon  brings  with  it  brittleness,  which  is  quite 
bjectionable  in  material  for  bridge  structures. 

As  a  rule,  reinforced  beams,  when  tested  to  destruction,  show  no 
idication  of  hair  cracks  until  the  elastic  limit  of  the  steel  is 
cached. 

At  the  same  time,  the  first  noticeable  cracks  appear  at  about  the 
entre.  The  steel  is  stretching,  the  bond  is  broken  between  the  con- 
rete  and  the  steel  In  the  central  region  of  the  beam,  and  an 
[icriaased  stress  is  thrown  on  the  bond  existing  between  the  con- 
rete  and  the  steel  nearer  the  ends.  As  loading  is  continued,  this 
tress  between  the  concrete  and  the  steel  at  the  end  of  the  beams 
apidly  increases,  until  it  finally  resolves  itself  into  an  amount  equal 
>  the  entire  stress  of  the  steel  itself,  and  the  beam  fails  by  shearing 
long  the  steel  at  the  ends. 

This  method  of  failure  Is  universal  for  beams  reinforced  with 
Lain  or  deformed  rods  laid  along  the  lower  edge  only.  If,  however, 
18  beam  is  reinforced  by  means  of  diagonal  members  rigidly 
soured  on  the  main  horizontal  member,  then  the  appearance  of  hair 
racks  along  the  lower  edge  of  the  beam  in  no  way  increases  the 
;res8  existing  between  the  horizontal  steel  members  and  the  con- 
-ete  at  the  ends,  as  the  main  portion  of  the  stress  coming  into  the 
Drizontal  member  is  due  to  the  inclined  members  pulling  on  this 
aln  horizontal  member.  In  fact,  if  such  inclined  members  are 
gldly  attached  to  the  main  horizontal  member,  the  latter  might 
3  placed  outside  of  the  concrete  mass  entirely,  providing  the  con- 
sction  between  the  two  be  of  sufficient  capacity  to  transmit  the 
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stresses  existing  in  the  Inclined  members  into  the  horizontal 
member. 

It  Is  very  likely  that  microscopic  hair  cracks  do  exist  in  the 
beam,  even  at  safe  loading.  These,  however,  would  not  be  of  suffi- 
cient size  to  allow  a  material  amount  of  moisture  to  penetrate  and, 
even  if  such  moisture  did  penetrate,  its  rusting  eftect  on  the  steel 
would  undoubtedly  be  neutralized  by  the  basic  elements  within  the 
concrete  itself. 

Mr.  Shearwood  states  that,  with  a  unit  stretch  of  14,000  lbs.  per 
square  inch  in  the  steel,  assuming  the  yalue  of  E.:Ecto  be  10,  there 
would  be  a  stress  in  the  concrete  of  about  1,400  lbs.  per  square  inch. 
This  is  not  quite  true.  The  modulus  of  elasticity  of  concrete  is  a 
varying  quantity,  corresponding  approximately  to  the  ordinates  of 
a  parabola,  whose  axis  is  horizontal.  As  the  stress  on  the  concrete 
increases  the  modulus  of  elasticity  decreases  and,  of  course,  the 
ratio  of  E^:  E^  increases  proportionately.  If  this  ratio  were,  for 
example,  15,  the  stress  in  the  concrete  would  only  be  880  lbs.  when 
the  steel  stress  is  14,000  lbs.,  and  if  it  were  20  the  stress  would  only 
be  700  lbs.  per  square  inch.  It  is  decidedly  vague,  therefore,  to  sup- 
pose that  hair  cracks  exist  in  a  reinforced  concrete  beam  wherein 
the  steel  has  been  properly  distributed,  is  of  proper  quality,  and  has 
a  unit  stretch  no  greater  than  14,000  lbs.  per  square  Inch. 

It  is  well  to  emphasize,  however,  the  value  of  the  use  of  diagonal 
members  rigidly  attached  to  the  main  steel  member,  especially  of 
the  mechanical  bond  between  the  main  steel  member  and  the  con- 
crete. Both  are  necessary  to  prevent  the  transference  of  stresses 
tc  a  line  along  the  lower  edge  of  the  beam,  and  at  Its  ends. 

It  is  quite  satisfactory  that  the  concrete  should  not  be  calculated 
to  take  up  any  of  the  tensile  stress  in  the  beam. 

Mr.  Shearwood's  suggestions  for  future  tests  are  very  excellent, 
and  if  he  should  care  to  undertake  such  tests,  there  is  no  doubt  that 
contracting  concerns  in  reinforced  concrete  would  be  only  too  glad 
to  assist  him,  furnishing  him  with  the  necessary  reinforcing 
material,  and  would  probably  be  willing  to  bear  considerable  of  the 
expense  incurred. 

We  have  just  received  an  interesting  report  regarding  a  concrete 
floor  for  the  laboratory  for  the  Department  of  Agriculture  in  Wash- 
ington, D.  C,  which  has  recently  been  constructed  in  accordance 
with  the  Kabn  (System  of  reinforcement.  This  floor  has  not  been  in 
place  a  sufficient  length  of  time  to  attain  its  maximum  strength. 
By  accident,  a  block  of  granite,  weighing  one  ton,  fell  from  a  height 
of  ten  feet  upon  it.  The  impact  had  no  effect  upon  the  floor,  other 
than  that  a  slight  hole  was  punched  in  it  by  a  corner  of  the  block. 

The  formulas  used  for  steel  structures  are,  in  their  principles, 
just  as  arbitrary   and  just  as   far  from  the  expression  of  the  real  • 
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Lrains  as  those  of  reinforced  concrete.  In  a  steel  structure  we 
ssume  the  exact  location  of  the  centres  of  tension  and  compression, 
uch  a  structure  consists  of  steel  shapes  with  rivet  holes  cutting 
le  cross  section  of  metal  in  every  direction  with  material  In  the 
lajority  of  places  out  of  proportion  with  the  stresses  existing.  It 
I  very  difficult  to  say  that  the  location  of  the  centres  of  compres- 
ion  or  tension  are  correct,  or  that  the  stresses  travel  on  the  exact 
nes  calculated.  £«rrors  in  steel  are  just  as  plentiful  as  in  concrete: 
faulty  rivet  hole,  a  badly-driven  rivet,  a  flaw  in  the  steel,  a  bad 
9nd,  careless  field  work;  in  fact,  at  least  fifty  causes  which  might 
B  mentioned  would  be  disastrous  to  a  steel  structure.  If,  for 
cample,  the  steel  within  itself  were  of  an  improper  quality,  the 
•ror  would  be  very  serious.  In  the  reinforced  concrete  beams  two 
aterials  are  used,  and  if  either  of  them  is  bad,  the  effect  on  the 
^m  as  a  whole  is  not  so  great.  Twice  as  many  constants,  namely 
Lose  of  iron  and  those  of  concrete,  are  used,  and  if  these  constants 
*e  properly  chosen  and  properly  proportioned,  the  actual  strength 
:  the  beam  should  be  more  closely  approached. 

We  have  placed,  on  floor  slabs,  more  than  six  times  the  safe  load 
)r  which  they  were  designed.  These  slabs  carried  this  load  with 
mctically  no  deflection,  and  without  afTecting  the  strength  of  the 
oor  In  the  least.  The  reason  for  this  was  the  absolute  continuity 
f  the  concrete  structure  as  a  whole,  as  well  as  its  monolithic 
haracter,  which  is  inductive  of  arch  action.  This  would  be  abso- 
itely  impossible,  if  structural  steel  were  used,  because  there  is 
lore  extra  strength  in  the  I  beam  in  the  structure  than  there  would 
e  in  any  isolated  I  beam. 

Mb.  M.  Mubphy  (M.  Can.  Soc.  C.  E.)— Concrete  used  In  compres- Mr.  Murphy, 
ion  has  certainly  proved  successful;  but  in  tension  it  has  been  less 
3.  When  a  moving  load  Is  applied  to  a  concrete  beam  supported 
t  both  ends,  a  deflection  occurs.  Since  the  elasticity  of  the  steel 
3  much  greater  than  that  of  the  concrete,  the  latter  on  the  top  of 
f  the  beam  retards  the  return  of  the  steel  to  its  normal  condition. 
lie  return  will  thus  be  very  slow,  and  should  be  taken  into  account 
a  the  calculation  of  the  formulae.  It  would  seem,  therefore,  that 
teel  and  concrete  do  not  work  in  unison.  If,  too,  as  seems  to  be 
he  case,  there  are  small  cracks  developed  in  the  beam  on  the  ten- 
Ion  side,  there  must,  sooner  or  later,  result  a  diminution  In 
trength.  Hence  it  would  seem  better  not  to  use  concrete  in  ten- 
ion;    but  altogether  in  compression. 

Steel,  properly  covered  with  concrete,  never  corrodes,  and,  no 
oubt,  the  time  is  coming  when  all  exposed  steel  structures  will  be 
D  covered. 

Ma.  J.  A.  Jamieson  (M.  Can.  Soc.  C.  E.)— With  regard  to  putting  Mr.  Jamieson. 
1  the  web  members  in  reinforced  concrete,  Mr.  Goldmark's  views 
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are  practical.  The  web  members  should  be  well  fastened,  and  carried 
up  above  the  neutral  axis. 

As  yery  reliable  grrades  of  cement  can  be  obtained  by  using 
mechanical  mixers,  a  concrete  could  be  manufactured  which  would 
develop  reliable  strength,  and  so  the  stresses  in  concrete  beams 
could  be  figured  with  a  fair  degree  of  accuracy.  The  only  cause  of 
uncertainty  would  lie  in  the  displacement  of  the  reinforcements 
while  the  concrete  is  being  placed  in  the  forms.  As  this  can  occur 
only  with  unskilled  or  careless  labourers,  careful  inspection  would 
remove  this  source  of  error. 

With  regard  to  the  protective  qualities  of  the  concrete,  an 
instance  is  known  where  the  metal,  protected  by  natural  cement,  in 
spite  of  being  constantly  exposed  to  the  action  of  water  for  forty- 
seven  years,  did  not  corrode.  Respecting  the  question  of  reinforcing 
concrete  columns,  until  recently  this  was  done  by  means  of  vertical 
uprights,  and  the  ultimate  strength  was  simply  the  sum  of  the  two. 
It  has  been  proved  that  when  tested  to  destruction  under  compres- 
sion, a  concrete  column  gives  way  by  shortening  in  length  and 
bulging  out  at  the  sides.  This  is  overcome  by  hooping  the  column, 
and  it  has  proved  possible  to  strengthen  it  to  any  degree.  The 
question  therefore  resolves  itself  into  one  of  economy  of  reinforce- 
ment. The  distance  between  the  hoop  reinforcements  should  not  be 
very  great,  as  the  bulging  then  develops  between  the  spaces.  If  a 
tube  is  used  the  results  are  not  good,  since  it  also  becomes  subject 
to  part  of  the  vertical  load.  Some  kind  of  continuous  flexible  tubing 
should  be  used.  It  is  necessary  that  some  kind  of  reinforcement, 
which  can  be  kept  in  its  proper  position  while  the  concrete  is  being 
deposited,  should  be  found.  This  problem  will  no  doubt  soon  be 
solved,  as  experiments  are  continuously  being  made  along  these 
lines. 
Dr.  Porter.  Dr,  J.  B.  PoRTBiR  (M.  Can.  Soc.  C.  E.) — Mr.  Shearwood  referred 
t<>  small  cracks  developed  in  the  tension  side  of  a  concrete  beam. 
These  Mr.  Goldmark  does  not  seem  to  think  will  cause  deterioration 
in  the  strength  of  the  beam.  Comparing  this  to  the  weathering 
action  on  granite,  from  personal  observation  made  when  in  South 
Africa,  it  looks  as  if  the  cracks  developed  in  the  concrete  are  similar 
to  those  caused  by  the  strains  set  up  in  the  rocks  under  the  rapid 
variation  in  temperature.  This  led  to  the  rock  chipping  off  and 
gradually  disintegrating.  It  would  therefore  seem  that  after  many 
strains  caused  by  moving  loads  these  minute  cracks  would  develop 
in  the  concrete  and  in  time  seriously  impair  the  strength  of  the 
beam. 
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BUSINESS  MEETING. 

A  business  meeting  of  the  Society  was  held  on  Thursaay, 
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GENERAL  SECTION. 

President— W.  P.  Tte. 
Vice-President— J.  G.  Q.  Kekbt. 


A  meeting  of  the  General  Section  was  held  on  October  25,  the 
^resident  in  the  chair.  The  following  paper  was  read  by  Mr. 
Sutler: 

IPER  No.  246. 

NOTES  ON  THE   SEPTIC  TANK  PROCESS  OF  SEWAGE 
PURIFICATION. 

By  W.  R.  Butler,  M.  Can.  Soc.  C.  E. 

It  is  but  comparatively  lately  that  the  biological  purification 
r  sewage,  by  t3he  Septic  Tank  Process,  has  been  practically 
pplied  under  climatic  conditions  at  all  similar  to  thoee  of  Canada 
I  the  winter  season;  recent  experiences,  however,  in  the  colder 
Eirts  of  the  European  continent,  in  the  Northern  United  States, 
id  in  Canada  itself,  have  dispelled  all  doubt*)  as  to  its  appli- 
ibillty,  and  some  <di8cua6ion  of  this  most  intere:;tlng  process,  with 
few  notes  on  the  history  of  its  development,  may  not  at  this 
me  be  out  of  place. 

The  most  obscure  secrets  of  biological  science  may  never 
eld  to  human  enquiry,  nevertheless,  universally  accepted  inter- 
-etations  of  many  of  its  phenonlena  instruct  us  to  recognize,  in 
le  performance  of  a  host  of  apparently  simple  and  natural  trans- 
•rmations,  incidental  to  the  comforts  and  necessities  of  every-day 
Fe  (as  well  as  to  its  risks  and  dangers),  chapters  in  the  life  histories 
tiny  living  organisms  which  need  magnifying  perhaps  thousands 
times  to  render  them  visible.  Take,  for  examples,  the  processed 
volved  in  the  production  of  butter  and  cheese,  the  making  and 
iking  of  leavened  bread,  etc.,  etc.,  as  also  many  of  the  more 
agic  developments  in  the  courses  of  human  disease. 

Now-a-days  we  recognize  this  to  be  eminently  true  with  respect 
the  transformations  which  are  required  in  order  that  the  world 
ay  be  kept  sweet  and  clean,  in  spite  of  its  constant  pollution  by 
e  waste  products  of  domestic  life,  and  we  are  beginning  to  appre- 
Eite  the  services  of  myriads  of  tiny  workers  whom  nature  has 
mmissioned  to  this  purpose,  and  to  realize  that  the  existence 
life  itself,  upon  our  earth  to-day,  is  as  much  dependent  upon 
[encies  such  as  these  as  it  is  upon  the  greater  movements  and 
terchanges  of  physical  energy. 

In  referring  to  the  important  problem  of  disposal  of  wafite,  it 
>ald  be  interesting,  if  there  were  space,  to  enumerate,  at  length. 
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Eome  of  the  efforts,  with  their  attendant  measures  of  success,  which 
have  been  directed,  from  time  to  time,  towards  its  solution;  for 
a  long  peri(M  .these  Were,  for  the  most  part,  of  but  one  character^ 
viz:  the  removal  of  putrescent  matter  to  a  supposed  safe  dis- 
tance, wihere  the  processes  of  decomposition  ml^ht  be  completed 
outside  the  limits  of  detection  by  the  ordinary  senses.  Success,  in 
such  cases,  turned  mtxch  upon  the  density  of  the  population  served, 
its  general  surroundings,  nature  of  soil,  and  particular  climatic 
conditions.  By  degrees,  however,  the  indirect  effects  of  such  treat- 
ment in  the  contamination  of  water  supply  and  in  the  spread  of 
disease  in  various  other  ways  (added,  in  our  own  times,  to  a  recog- 
nition of  probable  waste  in  the  mis-appropriation  of  elements 
required  by  nature  for  the  completion  of  her  economy),  prompted 
efforts  to  discover  how  the  unavoidable  residues,  incidental  to 
application  of  the  products  of  the  soil  and  atmosphere  to  the  needs 
of  mankind,  might  be  returned  to  their  sources  without  passage 
through  intermediate  stages  that  were  a  menace  to  human  well- 
being. 

To  these  efforts  al^  due  various  classes  of  expedients,  from 
those  of  the  sewage  farm  and  the  various  methods  of  natural  filtra- 
tion to  the  chemical  and  mechanical  processes  of  purification,  which 
latter  generally  aim,  either  at  rapid  transformations,  by  artificially 
bridging  over  steps  in  the  natural  process,  or  merely  at  the  produc- 
tion of  a  material  easy  of  mechanical  transportation,  with,  in  some 
cases,  a  further  laudable  effort  to  make  economic  use  of  the 
substances  produced. 

The  gigantic  operations  which  have  been  in  these  wajB 
Involved  may  be  illustrated  by  mentioning  that  the  sludge 
chemically  precipitated  from  the  London  sewage,  for  the  purpose 
of  mechanical  transport,  is  carried  to  sea  in  barges  at  the  rate  of 
something  like  two  millions  of  tons  annually;  that  the  city  of 
Chicago  has  been  forced  to  modify  the  drainage  system  of  the  Great 
Lakes  of  America,  to  provide  water  carriage  of  its  waste;  that  the 
city  of  Berlin  finds  it  necessary,  in  its  efforts  to  restore  waste 
products  directly  to  the  soil  by  the  processes  of  agriculture,  to 
cultivate  over  19,000  acres,  and  to  spend  from  |13  to  $20  for  every 
1,000,000  gallons  of  sewage  disposed  of,  besides  applying  a  capital 
of  over  16,000,000  to  a  return  of  only  1%  per  annum,  although  the 
city  of  Berlin  possesses  exceptional  facilities  for  carrying  out  such 
a  process  cheaply. 

The  immediate  and  essential  object  of  the  sewage  farm  and, 
in  general,  of  the  various  chemical  or  mechanical  processes  of 
purification,  is  the  production  of  a  final  effluent  which  may  be 
discharged  without  danger  into  some  stream  or  convenient  body  of 
water. 
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The  degree  of  purification,  as  measured  by  tlie  character  of 
his  final  effluent,  lAay  rise  to  90%  in  the  case  of  the  sewage  farm, 
}ut  it  is  evident  that  treatment  in  this  way  is  in  many  cases  quite 
mpofisible,  both  on  account  of  climate  anti  of  the  land  area 
'equired. 

With  the  yarious  "short  cuts"  of  chemical  and  mechanical 
mrification,  the  effluents  arising  from  different  processes  show  a 
emoval  of  from  30%  to  90%  of  putrescible  organic  matter,  accom- 
>lished  in  most  cases,  by  proportionate  expenses  quite  comparable 
7ith  those  quoted  above;  the  process  always  being  accompanied 
)y  that  most  troublesome  of  incidentals — the  necessary  removal 
it  the  solid  residue,  or  the  "Sewage  Sludge."  It  must  be  said  also 
hat,  despite  all  theory  to  the  contrary,  it  has,  so  far,  been  fount! 
absolutely  impossible  to  so  treat  domestic  sewage  as  to  make  the 
process  pecuniarily  remunerative. 

As  already  stated,  the  percentage  of  purification,  as  shown  by 
ihemical  or  biological  analyses,  is  generally  taken  as  a  measure  of 
he  degree  of  safety  with  which  the  effluent  produced  may  be  dis- 
harged  into  a  stream  of  running  water,  and  finally  disposed  of  so 
ar  as  the  producers  are  concerned;  but  it  is  very  necessary  to 
»ear  in  mind,  in  connection  with  this  matter,  that  mere  diminu- 
ion  in  germ  life,  and  cessation  of  biological  activity,  are  of  them- 
elves  insufficient  evidence  of  permanent  gain  in  purity;  for  the 
eitter  turns  entirely  upon  the  history  of  the  process  and  the  nature 
f  the  causes  which  may  have  led  to  an  apparently  satisfactory 
liological  condition  of  any  such  effluent. 

A  mere  sterilizing  process,  by  means  of  antiseptics,  may  pro- 
uce  an  effluent  showing,  in  itself,  marked  freedom  from  germ  life, 
nhich,  nevertheless,  when  the  antiseptic  ingredients  have  become 
iluted  by  admixture  with  sufficient  quantities  of  pure  water,  may 
ermit  a  development  of  bacterial  life,  and  a  putrefactive  condition 
rhich  will  sometimes  compare  unfavorably  even  with  that  of  the 
riginal  sewage. 

A  perhaps  unjust  and  sweeping  denunciation  of  most  methods 
f  chemical  and  mechanical  sewage  purification,  as  carried  out 
0  years  ago,  was  pronounced  by  an  English  commission,  appointed 
t  the  time  to  enquire  into  their  efficacy,  when  it  declared 
tiat  "As  applied  to  sewage,  disinfectants  do  not  disinfect,  and 
Iter  beds  do  not  filter." 

This  last  clause  leads  one  to  speak  of  the  place  of  the  sewage 
Iter  in  connection  with  these  matters.  The  passage  of  a  fiuid 
tirough  a  porous  medium,  for  the  purpose  of  purification  by 
lecnanical  straining,  is  probably  as  old  as  mankind;  it  would  be 
lusht  by  a  very  superficial  observation  of  nature.  The  Elgyptian 
Oman  who  fills  her  porous  earthenware  pitcher  with  comparatively 
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clear  water,  by  allowing  the  turbid  waters  of  tbe  Nil«  to  filter 
through  it,  is,  no  doubt,  continuing  a  custom  of  the  highest  anti- 
quity, but  it  is  very  lately,  indeed,  tiiat  anything  has  been  reoog- 
niased  in  the  (purifying  action  of  a  granular  or  porous  filtering 
medium  beyond  a  mere  mechanical  straining. 

One  of  the  earliest  hints,  to  the  general  reader,  of  a  recognition 
of  anything  more  than  this,  appeared  in  the  Encyclopedia  Brit- 
annica  not  26  years  ago,  when,  in  an  article  on  the  acti<Ni  of  filter- 
ing media,  the  following  fact  was  mentioned  as  but  recently 
observed,  yiz:  That  the  diminishing  efficiency  in  the  purifying 
action  of  a  filter,  arising  from  continuous  uninterrupted  use*  niig;ht 
very  frequently  be  quite  arrested  by  simple  rest  and  aeration  of  the 
filter.  We  have  since  learnt  that  the  reason  for  this  is  a  remark- 
able biological  fact,  and  it  Is  a  part  of  the  intention  of  this  paper 
to  refer  very  briefly  to  some  highly  important  consequences  of  its 
discovery,  with  that  of  certain  co-ordinate  principles. 

Purification  of  sewage,  to  be  satisfactory,  must  involve  the 
entire  breaking-up  and  oxidizing  of  organic  compounds  and 
putrescible  matter  present,  and  their  complete  transformation  into 
either  harmless  elements  or  stable  compounds,  without  any  of  the 
oftenfiive  and  injurious  consequences  which  attend  the  natural 
processes  of  ordinary  spontaneous  (and  generally  slow  and  imper- 
fect), putrefactive  decomposition.  Now,  it  has  been  clearly  shown 
that  mere  contact  with  the  oxygen  of  the  air  is  quite  inadequate  to 
effect  this,  and  that  the  passage  of  sterilized  air  through  sewage 
produces  no  change  in  the  oxidizable  organic  *  matter  contained, 
and,  moreover,  that  subsequent  decomposition  of  sewage,  which 
has  itself  been  sterilized,  is  invariably  accompanied  by  offensive 
putrefaction. 

Most  of  us  know,  by  experience,  that  in  the  processes  of  agri- 
culture and  In  the  effects  of  soils  cmd  vegetation  upon  putrescible 
matter,  the  offensive  accompaniments  of  decomposition  are  largely 
absent.  A  most  important  announcement,  tending  towards  an 
explanation  of  this,  was  made  in  1877  by  Mr.  R.  Warrington,  based 
upon  investigations  which  ihe  had  been  carrying  on  at  Rothamp- 
stead  in  England,  and  Mr.  Warrington  was  able  conclusively  to 
demonstrate  that  **  the  oxidizing  and  breaking  up  of  organic  com- 
pounds present  in  the  soil,  without  what  is  commonly  known  as 
putrefaction,  could  never  be  accomplished  by  mere  contact  with 
air  present  in  the  soil  (as  had  been  supposed),  but  were  entirely 
dependent  upon  the  life  processes  of  minute  living  organisms.'* 

Since  that  time  an  immense  deal  of  effort  has  been  directed 
by  individuals,  and  by  scientific  associations,  towards  the  bearing 
of  this  principle  upon  methods  of  sewage  purifioa/tion,  and  throu^gh 
the  investigations   of    such    as    Mr.    Dibdin,  Chief  Chemist  to  the 
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ndon  County  Council,  members  of  the  Mafisachusetts  State 
ard  of  Health,  Mr.  Scott  Moncrleft,  and  many  others  the  world 
BT,  the  fact  has  gradually  been  realized  that  "all  sewage  purifioa- 
n  processes,  to  &e  successful,  must  be  subordinated  to  the  require- 
nts  of  micro-organisms,  by  whose  agency  alone  such  purification  can 
completed" 

This  being  the  case,  it  becomes  eyident  how  directly  opposed 
Nature's  law  is  any  process,  the  essential  features  of  which  are 
empts  at  a  sterilization  which  would  suspend,  if  not  destroy,  the 
encies  commissioned  by  Nature  to  the  work  in  hand 

Quite  early  in  these  investigations  it  was  noticed  that  in  the 
saking-up  of  organic  compounds  by  certain  classes  of  bacteria, 
lich  need  the  constituents  for  their  development  and  sustenance, 
i  decomposition  was  accompanied  by  a  process  of  liquefaction,  and 
was  later  on  asserted  by  'Mr.  Scott  Monerieff  that,  on  accoimt  of 
s,  biological  purification  of  sewage  was  fully  poflsible  without 
i  previous  removal  of  organic  matter  in  fluspenslon,  and  that 
process  properly  carried  out  on  this  principle  need  not  Involve 
i  tremendous  difficulty  and  expense  attendant  upon  the  dealing 
Lh  sewage  sludge,  a  difficulty  inseparable  from  any  chemical  or 
icipitation  method  of  treatment. 

It  is  found,  moreover,  that  crude  sewage  invariably  contains 
i  germs  of  living  organisms,  to  the  development  and  life  of 
icb  certain  of  the  consUtuente  of  the  decomposable  matter 
sent  are  a  necessity.  The  activities  of  these  organiBms 
y  greatly  with  changes  in  environment,  and  Mr.  Scott  Monerieff 
B  probably  the  first  to  announce  that  the  purification  of  sewage 
ich  went  on  under  biological  action  consisted  of  two  distinct 
Lsecutive  stages,  during  whicih  the  operations  of  the  bacteria 
>n  decomposable  matter  were  exactly  opposite  in  character- 
process  being  "Aneerobic"  during  the  first  stage,  and  in  the  . 
5nd  stage,  "Aerobic." 

In  the  first,  the  micro-organism  obtained,  for  its  nourish- 
Dt  and  development,  its  necessary  supply  of  oxygen  by  the 
cess  of  the  breaking  down  of  organic  compounds,  and  of 
tracting  the  necessary  oxygen  from  these  compounds  them- 
res;  hence,  this  process  is  possible  out  of  contact  with  air;  its 
lilts  are  accompanied  by  liquefaction  of  solids  and  a  reduction 
the    complexity  of  the  organic  matter  in  solution. 

Tlxis  process  will  continue  so  long  'as  a  supply  of  oxygen  is 
this  T^ray  available  in  the  body  of  sewage  and  is  available  from 
other  source. 
Upon  the  exhaustion  of  this  internal  oxygen  supply  the  further 

process  of  the  micro-organism  can  only  be  carried  on  in  the 
sence  of  air;    but,  in  its  presence,  an  oxidation  and  nitrification 


192  Butler  on  Notes  on  the  Septic 

of  albuminous  and  ammonia  compounds  in  solution  ensues  as  i 
direct  consequence  again  of  biological  actiyity.  which,  under  the 
latter  condition,  is  accordingly  termed  "Aerobic."  Moreoyer,  i1 
has  been  shown  that  the  decomposition  which  takes  place  durins 
both  these  stages  will  be  fermentative  or  pfUrefactive*  according, 
in  a  great  measure,  to  the  time  allotted  to  each  process  respectively 

Without  a  minute  discussion  of  the  complex  character  ol 
ordinary  sewage,  we  may  notice  that  the  organic  matter  which  it 
contains  consists  usually  of  an  immense  variety  of  highly  complei 
compounds,  largely  nitrogenous  or  hydrocarbon,  the  decomposition 
of  which,  by  the  abstraction  of  oxygen,  will  naturaiiy  lead  to  nitro- 
genous compounds  of  simpler  chemical  composition,  together  with 
such  stable  products  as  water,  ammonia,  carbonic  acid  gas,  marsh 
gas,  free  hydrogen,  and  free  nitrogen. 

Anunonla  in  solution.  In  a  liquid  produced  by  natural  causes, 
would  be  taken  as  probable  evidence  of  previous  decomposition 
of  organic  matter;  albuminoid  ammonia,  as  indicating:  a  danger 
of  further  putrefactive  decomposition.  The  more  stable  products 
mentioned  above,  so  far  as  danger  of  the  latter  is  concerned,  may 
be  considered  harmless.  If  a  sufficient  further  oxddation  of  the 
ammonia  compounds  can  be  eftected  to  convert  the  ammonia 
into  nitric  acid,  the  danger  of  putrefaction  is  averted;  the  net 
result  will  be  that  gases  which  have  been  liberated  will  have  been 
returned  to  the  air;  the  remaining:  nitrogen  will  experience  nitrifi- 
cation and,  in  this  beneficial  form,  will  return  to  the  earth  with  the 
liquid  in  which  it  is  present  in  solution;  so  that  ithe  Journey 
begun  by  the  constituents,  originally  present  in  soil  and  air,  for 
the  beneficent  purpose  of  ministering  to  the  needs  of  vegetable 
and  animal  life,  ends  In  the  return  of  these  constituents  to  their 
original  sources. 

Now  it  has  been  ascertained  that  such  changes  as  these,  and 
in  the  order  given,  are  precisely  those  effected  by  the  instru- 
mentality of  the  minute  organisms  to  which  we  have  referred; 
that  these  changes  will  infallibly  be  effected  by  them  if  only  suit- 
able conditions  are  provided  for  their  activities,  and  moreover,  that 
the  micro-organisms  themselves,  required  to  effect  these  changes, 
are  invariably  found  to  be  present  in  sewage  in  a  crude  state. 

The  importafice  of  these  facts  cannot  be  over-estimated;  their 

•Decomposition  (other  than  that  due  to  tlow  nataral  decay),  lidlrldad  by  Llebeir  into  two 
clasMS,  "Fermentative"  and  "Putrefactive";  the  products  of  the  latter  are  nnitable,  and 
are  generally  nitrogenous  compounds  capable  of  again  entering  amongst  themselrea  into 
more  or  leos  complex  further  combination:  Putrefactive  decompoeition  Is  usually  accom- 
panied by  offenslTC  odor.  FermentatlTedecomposltlon.on  the  other  band,  gives  rise  to  pro- 
ducts stable  in  character,  and  It  is.  generally  speaking,  unaccompanied  by  offensive  odors. 
The  first  is  an  Inseparable  accompaniment  to  the  decomposition  of  nitrogenous  organic 
matter. 
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iscoTery  bears  distinct  analogy  to  the  recognition  in  medicine  of 
le  principle  of  the  **Vi8  medicatrix  naturae,**  which  may,  perhaps, 
i  said  to  have  revolutionized  modern  therapeutics. 

Nine  years  ago  the  first  efforts  to  provide  the  conditions  essen- 
al  to  biological  processes,  such  as  we  have  described,  upon  a 
;ale  applicable  to  domestic  sewage  purification,  were  begun  by 
r.  Donald  Cameron,  the  City  Engineer  of  Exeter,  England.  Mr. 
ameron's  work  and  its  results  are  now  historic. 

The  principle  upon  which  Mr.  Cameron  proceeded  was  the  pro- 
sion  of  two  distinct  spheres  of  biological  activity  satisfying 
mdltions  essential  to  "Amerobic'*  and  "Aerobic"  action  respec- 
vely:  first,  a  concrete  tank  or  chamber  for  the  reception  of  crude 
iwage,  from  which  light  and  air  should  be  excluded;  second,  a 
ibitat  tbr  the  organisms,  whose  work  required  eerobic  conditions, 
insisting  of  granular  beds  of  filtering  material,  so  arranged  as  to 
isure  the  reception  of  oxygen  from  the  atmoe-phere  by  processes 
I  periodic  aeration. 

The  sewage  from  a  suburb  of  Elxeter  (dt  Leonards),  contain- 
ig  about  1,500  inhabitants,  was  selected  for  treaitment  in  this 
ay,  and  the  following  six  years  of  observation  led  !Mr.  Cameron 
)  important  and  interesting  discoveries,  confirming  the  funda- 
lental  truths  which  we  have  already  endeavored  to  outline,  and 
(vealing  much  thait  is  indispensable  to  their  practical  application. 

Mr.  Cameron's  experiment  proved  in  the  end  a  most  successful 
le;    its  outcome  is  the  Septic  Tank  Process  of  to-day. 

The  first  large  city  to  adopt  it  for  the  sewage  of  its  entire 
jpulation  was  Exeter  itself,  with  a  population  of  47,000,  and  the 
rger  installation  was  opened  a  little  over  three  years  ago.  Its 
[ample  has  been  followed  by  the  installation  of  hundreds  of 
mllar  works  in  English  cities,  towns,  and  villages;  in  the  prin- 
pal  European  countries,  in  India,  in  many  of  the  Colonies, 
I  the  United  States,  and  lately  in  Canada. 

Without  following  minutely  Mr.  Cameron's  experimental  work 
iiring  six  years  of  Investigation,  it  may  be  sufl^cient.  for  the 
iirpose  of  this  paper,  to  outline  the  process  and  to  give  a  summary 
f  results. 

In  obedience  to  the  principle  already  referred  to,  the  crude 
•wage  was  admitted  directly  into  a  large  air-tight  tank  (the 
ilet  being  below  the  water  line),  without  any  preliminary  efTort 
>  separate  the  solids  In  suspension,  and  trusting  entirely  to  ansero- 
ic  bacterial  agency  fo'*  their  decomposition  anr'  liquefaction;  the 
ink  was  furnished  with  a  glass  inspection  chamber,  by  means 
f  which,  whatever  visible  action  or  movement  went  on  within 
le  body  of  the  fiuid  was  capable  of  observation,  and  much, was 
•amed    in   this   way   respecting   positions   of   zones   of  maximum 
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activity  in  decompoeition,  and  the  mode  of  disen^^agement  of  the 
gases  liberated. 

ADter  retention  within  the  tank  for  a  period  providing  (or  an 
extremely  slow  movement  of  the  fluid  from  end  to  end,  it  was 
discharged  by  a  special  form  of  oiitlet,  placed  below  the  surface, 
and  designed  to  promote  uniform  but  imperceptible  movement 
of  the  entire  volume  flowing,  the  reception  and  discharge  being 
continuous;  aeration  of  the  tank  efSuent  was  then  secured  by 
passage  over  a  weir  to  a  eet  of  beds  of  filtering  material,  so 
arranged  as  to  be  charged  with  the  fluid  periodically  only;  each 
bed  being  allowed  to  remain  empty  for  an  interval  long 
enough  for  complete  aeration  of  its  pores  and  interstices;  the 
processes  of  alternately  charging  and  emptying  these  filter  beds 
were  allowed  to  take  place  gradually,  and  mecftianlcal  arrange- 
ments were  made  for  uniform  distribution  of  the  tank  effluent 
within  the  body  of  the  filter. 

It  ha-d  already  been  foun-d  by  Mr.  Dibdln,  in  his'  experiments 
with  London  sewage,  that  the  only  essential  to  ensxire  the  con- 
tinued efficient  working  of  a  properly-constructed  aerobic  sewage 
filter,  and  to  prevent  the  clogging  of  Its  pores,  was  the  regular 
period  of  rest  and  aeration  already  alluded  to. 

A  recollection  of  the  principles  which  we  have  outlined  will 
show  that  conditions  were  in  this  way  provided  in  the  Exeter  tank 
and  filter  beds,  respectively,  favourable  to  "  Anaerobic,"  succeeded 
by  ''Aerobic'*  bacterial  activity.  In  the  tank,  oxygen  (essential  to 
the  life  of  the  organ^Eons  aforesaid),  la  only  found  in  a  combined 
state,  and  the  consequence  of  its  abstraction  is  the  breaking  down 
of  the  organic  matter  in  suspension  and  the  liberation  of  such 
constituents  as  we  have  mentioned,  the  process  being  largely  that 
of  putrefactive  decomposition;  the  subsequent  passage  of  the  tank 
effluent  over  the  surfaces  of  the  particles  and  through  the  interstices 
of  the  filtering  material  in  thin  films,  and  in  the  presence  of  air 
absorbed  by  the  filter,  brings  it  (under  aerobic  conditions),  within 
the  operations  of  such  organisms  as  may  be  present,  the  result  of 
which  will  be  active  nitrification.  The  Exeter  installation  showed 
that  these  conditions  once  established,  and  maintained  in  the  way 
described,  a  purification  of  the  most  satisfactory  character  continued 
without  interruption. 

Mr.  CJameron*s  observations  through  the  six  years  probation 
of  the  method  would  make  a  long  story  to  repeat;  they  showed 
him,  however,  how  to  apportion  the  times  of  the  different  stages, 
so  as  to  obtain  the  best  results,  and  they  revealed  a  great  many 
surprising  and  extremely  interesting  facts  which  form  the  basis 
to-day  of  the  practical  application  of  the  Septic  Tank  Process. 
An  essential  requirement  is,  of  course,  to  limit  putrefactive  decom- 
2 


I 

i 


196  Butler  on  Notes  on  the  Septic 

poBitioxi,  as  far  as  possible,  to  the  period  of  sojourn  by  the  fluid 
witbln  the  air-tight  tank,  and  a  v^ry  general  practice  now  with 
ordinary  domestic  sewage  is  to  so  suit  the  arrangements  and 
dimensions  of  the  tank  as  to  lead  to  the  passaee  through  it, 
without  any  perceptible  current,  of  (me  day's  sewage  in  something 
less  than  24  hours,  so  that  its  liquid  contents  are  once  completely 
changed  within  that  period.  The  tank  effluent  itself  exhibits  a 
marked  purification,  the  extent  of  which  will  be  referred  to  later 
on.  For  direct  sBration  (at  first  thought  to  be  an  essential),  the 
tank  effluent  was  originally  made  to  pass  in  thin  sheets  orer  a 
weir,  or  along  a  channel  towards  the  filters.  This  is  seldom  now 
done,  as  it  has  been  practically  shown  to  be  unnecessary.  The 
filters,  to  ,which  the  tank  effluent  now  passes,  are  so  arranged  as  to 
admit  of  the  following  sequence  at  each  filter:  (1),  A  period  of  fill- 
ing; (2),  a  period  of  remaining  full;  (3),  a  period  of  emptying; 
(4),  a  period  of  standing  empty;  each  of  these  periods,  it  is  found, 
should  occupy  from  li  to  3  hours,  according  to  the  particular  tirpe 
of  sewage  to  be  dealt  with. 

The  additional  purification  exhibited  by  the  filtrate,  over  the 
tank  effluent,  ia  referred  to  below. 

On  the  occasion  of  one  of  the  author's  visits  to  the  Bxeter 
experimental  works,  he  had  the  opportunity  of  catching  this 
effluent  filtrate,  as  it  discharged,  a  clear  and  odourless  liquid.  Not 
two  hundred  feet  away  the  crude  sewage  was  entering  the  tank,  the 
embodiment  of  all  tihat  was  objectionable. 

One  of  the  most  surprising  things,  under  the  circumstances,  is 
the  very  slight  accumulation  of  solid  maibter  that  occurs  in  the 
form  of  sediment  in  the  tank  itself;  it  has  been  conclusively  shown 
that  the  whole  of  the  solid  organic  matter  in  suspension  is,  with 
proper  management,  capable  of  liquefaction  by  biological  agency, 
sooner  or  later,  and  such  sediment  as  necessarily  remains  is  of 
a  purely  mineral  or  humoid  character. 

The  quantity  of  sediment  found  in  the  experimental  tank  at 
Exeter,  after  a  year's  working,  implied  a  decomposition  of  no 
less  than  20  grains  of  solid  organic  matter  tor  every  gallon  treated; 
the  residue  remaining  in  the  tank  being  only  about  4|  grains  per 
gallon,  and  the  tank  was  in  operation  continuously  for  five  years 
without  the  slightest  necessity  arising  for  any  removal  of  sedi- 
ment. As  is  pointed  out  by  Mr.  Cameron,  in  one  of  his  papers 
on  the  subject,  had  the  solids  in  suspension  in  this  example  been 
precipitated  in  the  form  of  sewage  sludge,  they  would  have  pro- 
duced each  year  over  550  cubic  yards  of  90%  sewage  sludge — ^an 
extraordinary  testimony  to  the  scale  of  results  attainable  by  these 
legions  of  tiny  invisible  workers. 
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With  regard  to  the  material  used  in  the  filter  beds,  experience 
las  snown  that  efflci^icy  depends  more  iii>an  its  mechanical 
Eondition  than  upon  Its  mineral  characteristics;  the  action  that 
;oes  on  is  purely  biological,  and  the  essentials  are  a  suitable 
labltat  for  the  organism,  a  si^ere  for  its  activity,  and  properly- 
egulated  supplies  of  food  and  air.  Coke  breese,  or  crashed  furnace 
ilacr,  for  filtering  material,  answers  perhaps  the  best.  It  will  be 
-ecognized  that  the  arrangements  incidental  to  all  that  has  been 
old,  viz.,  the  regulation  of  the  infiow  and  outflow  of  sewage  to 
he  septic  tank,  the  periodic  admission  and  discharge  at  filters,  etc., 
lecessitated  close  personal  supervision  and  attention;  to  obviate 
heee  necessities,  and  to  ensure  regularity,  Mr.  Cameron  and  his 
issociates  CMessrs.  Conmiln  and  (Martin),  were  led  to  the  oontri- 
rance  of  various  mechanical  devices,  by  means  of  which  the  entire 
irocess  was  made  automatic,  and  by  means  of  these  contrivances 
he  larger  installation,  afterwards  completed  for  dealing  with  the 
rhole  sewage  of  Exeter  and  extenuing  over  2i  acres,  is  now  over- 
men by  two  men,  the  principal  duties  of  whom  are  confined  to  the 
simple  care  of  ensuring  working  order  in  the  automaitic  gear  con- 
rolling  the  various  discharge  valves,  etc. 

It  should  be  stated  that  the  comparative  absence  of  puire- 
active  decomposition  at  the  filter  beds  prevents  the  creation  of  a 
misance.  The  experimental  works  at  BXeter,  and  the  subsequent 
arger  installation,  are  situated  in  a  bit  of  low  ground  bordering 
he  river  Exe,  and  immediately  below  a  residential  district.  No 
omplaint  arises  of  nudsance  to  neighbouring  residents,  and,  as 
he  author  can  personally  testify,  little  that  is  unpleasant  can  be 
«tected,  either  at  these  works  themselves,  or  at  the  many  other 
nstallations  of  the  same  type  with  which  he  is  more  or  lees 
amiliar. 

The  gas  generated  in  the  hermetically  sealed  tank  sometimes 
xists  under  a  certain  pressure,  which  is,  however,  very  variable; 
.  t3rpical  analysis  of  gases  thus  present  may  be  quoited  as  follows:— 
JOj,  0.30%;  CH^,  20.3%;  H,  18.2%;  N.  61.2%;  its  composition  is,  of 
ourse,  very  variable,  but  the  large  percentages  of  methane  (marsh 
;as),  and  free  hydogen,  indicate  high  infiammabllity,  and  it  is  a 
Qost  interesting  fact  that,  by  means  of  an  incandescent  mantle, 
hese  gases,  of  heat  producing  but  feeble  illuminating  power,  have 
leen  used  at  Exeter  (and  probably  elsewhere),  for  lighting  the 
rorks  at  night.  Some  idea  of  the  degree  of  purification  that  may 
>e  expected  may  be  obtained  from  quotations  of  the  most  signifi- 
ant  features  of  analyses,  made  of  both  tank  effluent  and  filtrate, 
espectively,  at  one  or  two  installations  now  in  operation. 
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Parts  in  100,000. 

Crude 

Tank 

Sewa^^e. 

Effluent. 

Flltra 

10.86 

11.35 

2.740 

0.30 

0.34 

0.052 

2.93 

2.95 

0.866 

nil 

nil 

0.918 

2.83 

3.06 

0.670 

25 

20 

7 
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From  an  Iiuiallation  at  Barrhead,  Scotland. 


Organic    and    volatile    matter    in 

solution 

Albuminoid  ammonia 

Total  ammonia 

Nitrogen  as  nitrates  and  nitrites.. 
Oxygen  absorbed  by  organic  matter 
Color  (Loch  Katrine  water  =  10).. 

Total  purification  shown  in  filtrate,  as  compared  with  tank 
effluent,  judged  by  albuminoid  ammonia=84.7%;  or  judged  by 
oxygen  absorbed,  78%. 

Analyses  at  experimental  test  installations  at  Manchester  and 
Leeds  show  85%  to  87%  albuminous  purification,  and  89%  to  93% 
purification  as  judged  by  oxygen  absorbed,  with  a  purification  of 
tank  effluent  over  crude  sewage  rising  to  over  60%. 

Analyses  of  results  from  an  installation  at  yeovil  (a  town  pro- 
ducing, through  its  particular  industries,  a  sewage  of  unusual 
foulness  and  complexity),  give  averages  about  as  follows: 

Tank  effluent,  as  compared  with  crude  sewage,  64.8% 
purification. 

Filtrate  effluent,  as  compared  with  crude  sewage,  87% 
purification. 

The  Exeter  filtrates  were  stated,  in  a  report  by  Mr.  Dibdin,  to 
be  in  a  condition  rendering  them  fit  for  discharge  into  a  stream  or 
river  of  relatively  small  volume;  and  as  showing  no  signs  of 
putrefaction  or  offensive  secondary  decomposition  on  keeping. 

Analyses  of  the  results  of  the  process  are  embodied  in  reports 
by  many  of  the  foremost  chemists  in  the  kingdom:  Mr.  Dibdin. 
Dr.  Rldeal,  Mr.  G.  J.  Fowler,  chemist  to  The  Rivers  Committee  of 
lae  fManohester  Corporation,  and  others;  from  some  of  which  the 
above  figures  have  been  selected;  they  all  indicate  the  production, 
in  the  filtrate,  of  a  highly  nitrified  effluent,  rich  in  dissolved  oxygen 
(the  nitrates  often  exceeding  one  part  per  100,000) — these  character- 
istics prove  permanence  In  the  purification  effected,  and  absence  of 
liability  to  the  putrefaction  which  may  follow  mere  temporary 
sterilization. 

In  a  nitrified  effluent,  oxidation  of  any  organic  matter  present 
will  be  continued  even  after  contact  with  the  filters  may  have 
ceased;    indeed,  it  has  been  proved  at  Manchester  that  the  filtrate 
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improvefi  the  state  of  the  water  in  the  Manchester  ship  canal  into 
which  it  is  discharged,  and  that  the  addition  of  it,  in  equai  parts,  is 
suflicient  to  arrest  a  putrefaction  in  the  latter,  w\hich  takes  place 
when  it  is  kept  without  any  such  admixture. 

Even  in  the  tank  effluent  we  have  a  purification  comparable 
with  that  effected  by  many  chemical  or  precipitation  processes,  with- 
out the  accompanying  difficulties  due  to  the  "Sewage  sludge." 

The  scope  of  the  present  paper  does  not  admit  of  the  dis- 
cussion of  minor  variations  in  method  of  treatment,  dictated  by 
variations  in  character  of  sewage,  and  in  climatic  influences; — a 
very  wide  experience,  during  the  past  ten  years,  has  certainly 
proved  that  the  septic  tank  and  the  contact  beds  are  together 
equal  to  dealing  with  sewage  of  the  worst  types,  and  their  efficacy 
has  been  tested  under  the  greatest  variations  in  climate. 

.The  author  has  had,  perhaps,  some  special  opportunities  of 
following  the  development  of  the  process  from  its  inclplency, 
through  a  personal  acquaintance  with  Mr.  Cameron  and  some  of 
those  associated  with  him,  and  he  has  been  able  to  visit  a  number 
of  works  in  operation;  it  is  his  belief  that  in  its  application  will 
lie  the  means  of  dealing  with  the  sewage  disposal  difficulties,  yearly 
becoming  more  acute  in  so  many  Canadian  towns  and  villages, 
especially  those  of  the  lake  districts,  where  contamination  of  water 
supply  is  becoming  increasingly  serious  in  its  consequences.  In 
this  connection  it  may  be  added  that  experiments  conducted  some 
time  ago  by  Dr.  Ransom  Pickard,  F.R.C.S.,  aiming  at  comparisons 
of  percentages  of  typhoid  bacilli  present  after  the  addition  of 
typhoid  bacillus  cultures  to  crude  sewage  untreated,  and  to  sewage 
afterwards  submitted  to  the  septic  tank  and  contact  beds  process, 
admitted  of  the  preparation  of  the  following  table,  taken  from  Dr. 
Plckard's  report  upon  the  subject: 

I 
■    ''Results  of  addition  of  Cultures  of  Typhoid   Bacilli  to  Crude 
Sewage  taken  from  the  Exeter  Installation." 


On  the  elapse  of 

%  Typhoid  Bacilli  present 

0  hours 

100. 

24      " 

76.14 

48      " 

60.55 

7  days 

8.16 

14      " 

0.73 

The  application,  to  the  same  infected  sewage,  of  the  septic 
tank  and  biological  filter  process,  as  carried  out  in  Dr.  Pickard*s 
laboratory,  indicated  a  speedy  removal,  by  tank  and  filter,  of  a  fair 
90%  of  the  bacilli;  with  the  result,  moreover,  that  of  the  bacilli 
passing  from  the  biological  filter,  in  successive  periodic  filtrations. 


I 
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subsequent  to  the  flrat  oantamination  of  tlie  erode  aewace,  tke 
second  flltration  showed  but  1.41%,  and  the  third  ie  giren  as 
0.491%. 

A  doubt  would  naturally  arise  respecting  the  maintenance  of 
efficient  action  of  contact  beds  in  the  face  of  the  extreme  cold  of  a 
Canadian  winter.  As  before  stated,  it  is  but  comparatively  lately 
that  information  on  this  point  has  been  forthcoming.  Respecting 
some  of  the  experiences  gained  on  this  continent,  the  writer  can 
speak  personally. 

Towards  the  end  of  the  very  severe  winter  of  1903-4,  he 
received  an  invitation  from  the  American  Cameron  Septic  Tank 
Company  to  visit  certain  of  their  installations  in  Northern  niinois 
and  Iowa,  for  the  purpose  of  making  enquiry  respecting  their  opera- 
tion during  that  season;  amongst  otner  visits,  one  was  paid  to  a 
plant  in  the  neighbourhood  of  Davenport,  Iowa.  The  winter  had 
been  .phenomenally  severe,  and  at  Daven>port,  at  the  time  of  the 
visit,  ice  was  reported  upon  adjacent  parts  of  the  Mississippi  River 
exceeding  30  inches  in  thickness.  The  mean  temperature  at  the 
place,  for  January  and  February,  was  not  as  high  as  17"  F,  the 
mean  of  minimum  temperatures  for  the  same  period  was  barely  9* 
F,  yet  the  author  was  assured  by  the  attendant  that  no  ice  formed 
upon  the  contact  beds  which  was  not  Immediately  dissipated  by 
the  next  charge  of  sewage,  and  that  the  heat  of  the  sewage  itself 
proved  quite  sufficient  to  prevent  any  failure  in  the  action  of  the 
altem-ating  valve  gear,  which,  in  installations  exposed  to  a  severe 
winter,  it  is  the  custom  of  this  company  so  to  place  as  to  receive 
the  effect  of  radiant  heat  from  the  comparatively  high  temperature 
sewage.  The  author,  on  the  occasion  of  his  visit,  collected  some 
of  the  filtrate  as  it  was  discharged; — ^it  exhibited  a  very  slight 
odour  at  the  time,  but  proved  sufficiently  nitrified  to  afterw«rds 
complet'jly  purify  itself,  and  it  is  still  in  his  possession — a  clear 
and  odourless  liquid  remarkably  free  from  sediment 

Under  extreme  cold  it  may,  perhaps,  be  necessary,  with  contact 
beds  of  large  surface,  to  resort  to  the  exipedient  of  forming  an 
undulating  or  ridged  surface,  so  that  dissipation  of  an  ice  film 
may  be  assisted  by  its  fracture  under  its  own  weight  on  settlement 

In  temperate  climates,  the  sewage  is  generally  distributed  over 
the  surface  of  contact  beds  by  means  of  C4>en  channels,  but  the 
American  Septic  Tank  Company  has  found  it  better  in  northern 
latitudes  to  use  porous  ducts,  or  pipes  with  open  Joints,  laid  Just 
beneath  the  surface  of  the  bed. 

This  paper  should  not  be  closed  without  some  general  remarks 
upon  the  cost  of  the  process,  which  must  necessarily  vary  with 
locality  and  population,  nature  of  sewage  to  be  dealt  'Wlth,  etc., 
etc.     As  to  capital  expenditure,  limits  in  Canada  may  perhaps  be 
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safely  stated  of  $3.50  per  capita  for  populations  of  40,000  to  50,000; 
to  $12.00  per  capita,  under  somewhat  extreme  conditions  and  for 
small  communities. 

In  cases  of  almost  any  chemical  or  mechanical  purification 
methods,  working  expenses,  disposal  of  sludge,  etc.,  etc.,  lead  to  a 
very  considerable  annual  expenditure,  easily  rising  to  10i%  upon 
capital  outlay,  even  with  large  installations;  a^id  a  highly-impor- 
tant feature  of  the  Septic  Tank  Process  is  its  practical  solution 
of  the  sewage  sludge  problem  and  the  consequently  low  annual 
expense  involved. 

Apart  from  this,  however,  it  Is  clearly  a  process  for  which 
nature  has  made  direct  provision,  and  in  which  the  observance  and 
co-operation  of  natural  laws  aire  the  only  requirements;  it  has  been 
abundantly  verified  that  careful  design,  in  which  due  regard  is  paid 
to  character  of  sewage,  regularity  or  Irregularity  of  flow,  influences 
of  climate,  etc.,  etc.,  together  with  very  slight  but  intelligent 
oversight,  are  sufficient  to  produce  and  maintain  conditions  neces- 
sary to  the  operations  of  these  wonderful  laws  and  activities 
provided  for  so  beneficent  a  purpose. 

It  must  be  observed  that  a  tank,  and  its  associated  contact 
beds,  do  not  immediately  develop  their  full  biologrical  efficiency; 
the  development  of  organic  life,  to  an  extent  necessary  to  deal 
with  the  volume  of  sewage  flowing,  requires  time  in  both  tank  and 
filters.  In  the  former,  a  scum  of  varying  thickness  is  found  to 
accumulate  upon  the  surface,  and  it  is  essential  that  this  be  not 
disturbed  (a  reason,  amongst  others,  for  submerged  inlet  and  out- 
let); this  scum  abounds  with  bacteria  and  is,  perhaps,  their 
principal  home  and  laboratory.  In  the  same  way  it  is  only  after 
repeated  charging  that  the  contact  beds  become  well  stocked  with 
their  colonies  of  bacilli,  and  that  the  nitrifying  action  reaches  its 
maxlnum;  continuous  improvement  in  this  respect  may  go  on  for 
weeks  after  the  inception  of  an  installation. 

The  scum,  under  favourable  conditions,  attains  considerable 
thickness  and  density,  and,  in  places  where  the  risk  of  nuisance 
from  putrefactive  decomposition  is  negligible,  its  presence  hasi 
sometimes  been  trusted  to,  with  comparative  success,  in  place  of 
an  artificial  air-tight  tank  covering,  for  the  development  and  main- 
tenance of  septic  action. 

ESxperimental  work  has  been  carried  on  in  England,  and  on  the 
European  Continent,  in  the  effort  to  substitute  "continuous"  filters 
for  "intermittent"  contact  beds.  Under  this  method,  the  tank 
eflSuent  is  distributed  over  the  surface  in  a  finely  divided  state,  and, 
as  under  such  circumstances,  asration  takes  place  simultaneously  with 
filtration,  the  necessary  volume  of  filtering  material  should,  theo- 
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retloally,  be  reduced.    This  method  will  probably  prove  beet  suited 
to  cli-mates  which  are  free  from  extremes  of  temperature. 

In  preparing  these  notes  the  author  is  largely  indebted  to  the 
reports  and  writings  of  many  whose  names  are  mentioned  in  tlie 
paper,  those  of  Dr.  Thudicum,  Dr.  Simms  Woodhead,  and  others. 

The  process  which  has  been  outlined  in  a  very  general  way  in 
this  paper  is,  for  the  most  part,  that  followed  by  Mr.  Cameron  and 
his  associates;  the  scientific  principle  however  underlying  different 
existing  variations  in  practically  obtaining,  "  hydrolytic,"  and 
''ferobic  bacterial  action,"  in  succession,  is  one  and  the  same. 

It  perhaps  may  be  safely  said  that  any  system  of  sewage  puri- 
fication, or  dispoeal  (not  excepting  even  irrigation  and  natural 
filtration  methods),  to  receive  intelligent  sanction  to-day,  must 
recognize,  and  avail  itself  of,  the  biological  processes,  which  late 
years  have  revealed  to  us  as  naturally  set  going  if  the  conditions 
are  but  rendered  favourable  to  them. 

The  English  Local  Government  Board  in  almost  all  cases  still 
requires  final  application  of  sewage  efKuents  to  the  land,  before 
discharge;  but,  with  "  Septic  Tank  "  or  "  Tank  and  Contact  Bed  " 
treatment,  the  area  insisted  upon  is  much  reduced,  and  it  is  prob- 
able that  the  report  about  to  be  received  from  The  Royal  Commis- 
sion on  Sewage  Disposal  may  lead  to  a  distinct  modification  of 
Government  requirements  in  this  respect 

The  scope  of  this  paper  does  not  admit  of  the  discussion  of  detail 
ol  design  and  the  adaptation  of  the  latter  to  the  dealing  with  sewage 
of  different  types,  and  under  different  conditions  of  flow,  the  treat- 
ment of  storm  water,  and  the  important  matter  of  regulating  and 
assigning  right  periods  of  time  to  the  successive  stages  in  the  pro- 
cess. Its  principal  object  is  to  call  attention  to  the  adaptability  of 
the  process  to  the  Canadian  climate;  to  emphasize  the  value  to  the 
country  of  this  method  of  dealing  with  the  sewage  problem;  and  to 
invite  the  opinions  of  those  who  may  be  interested. 

Relative  to  possible  sedimentation  in  tanks,  and  clogging  of 
filters,  it  may  be  said  that  some  gradual  accumulation  of  mineral 
or  humoid  matter  in  the  tank  is,  of  course,  an  inevitable  conse- 
quence, but,  as  has  been  pointed  out,  with  ordinary  domestic  sewage 
(or  any  sewage  which  has  passed  through  a  process  of  settlement), 
this  accumulation  should  be  exceedingly  slow.  The  quantity  of 
semi-fluid  or  fiocculent  matter  present  in  the  tank  at  any  time 
will  vary  with  the  state  of  the  sewage  supplied,  the  season  and 
temperature,  etc.,  and,  in  many  cases,  where  organic  deposit  has 
tended  to  become  excessive,  it  has  been  found  that  a  more  careful 
working  of  the  system  has  been  sufficient  to  reduce  it  to  manageable 
limits. 
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Nevertheless  a  regular  periodic  withdrawal  of  small  quantities  of 
le  deposit  from  the  bottom  of  the  tank  is  found  beneficial;  the 
»wer  layers  usually  prove  to  consist  of  finely  divided  matter,  practi- 
illy  a  "burnt  ash/'  which  will  dry  without  offensive  odour,  and 
m  be  dug  into  the  ground  in  a  very  simple  manner. 

The  clogging,  or  not,  of  contact  beds  is  similarly  a  matter 
really  dependent  upon  design  and  intelligent  care;  it  is  found  to 
e  essential  that  the  bed  should  completely  empty  at  discharge, 
aving  no  residual  film  of  organic  matter,  and  at  Exeter  Mr. 
ameron  has  found  the  beneficial  effect  of  a  top  surface  composed 
[  finer  filte|ring  material,  which  is  occasionally  broken  up  by 
iklng. 
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DISCUSSION. 

At  Montbbal. 

xr.coehrAiie.  M.  Fabrab  Cochbane  (A.  M.  Can.  Soc.  C.  E.).  Mr.  Butler's  abl 
paper  on  the  "  Septic  Tank  Process  of  Sewage  Purification  "  opei 
up  a  wide  field  for  discussion.  The  writer,  who  has  been  for  son 
years  connected  with  the  designing  and  construction  of  dispoa 
works,  offers  the  following  remarks  for  consideration. 

The  purification  by  means  of  bacteria  seems  now  to  be  general! 
regarded  as  the  best  method  of  overcoming  the  difllcultles  met  wil 
in  sewage  disposal,  and  being  especially  well  suited  for  small  insta 
lations  in  towns  and  villages,  is  likely  to  be  very  largely  adopted  1 
Canada  for  that  purpose.  At  the  same  time  it  must  be  observed  thi 
no  very  large  installations  of  this  kind  are  In  operation. 

In  this  connection  the  example  of  Glasgow,  Scotland,  may  be  < 
interest.  Having  to  carry  out  a  complete  reorganisation  of  tl 
system,  the  city  engineer,  after  careful  consideration,  decided 
increase  the  existing  system  of  chemical  precipitation;  and  tl 
entire  sewage  output  of  the  city  is  now  being  treated  in  that  way. 
On  reading  Mr.  Butler's  paper,  one  is  struck  with  the  comple 
success  that  has  been  obtained  at  Bxeter,  and  the  absence  of  mai 
of  the  difficulties  found  in  other  bacterial  installations,  notably,  ti 
sludge  bugbear,  so  prominent  at  Manchester  and  Salford. 

Mr.  Butler  seems  to  consider  that  the  sludge  problem  is  entire 
overcome  by  means  of  the  simple  process  described  in  his  pap< 
and  that  with  the  requisite  periods  of  rest  for  the  contact  beds,  the 
is  no  danger  of  their  clogging  up.  This  opinion  is  contradicted  1 
the  experience  of  many  authorities  on  this  subject  Very  serio 
difficulties  have  arisen,  due  to  the  formation  of  sludge  in  the  co 
tact  beds,  and  the  consequent  decrease  in  their  capacity  for  bacteri 
cultures. 

One  method  of  overcoming  this  difficulty  is  by  the  use  of  cc 
tinuouB  filtration,  which  may  be  safely  described  as  having  pass 
the  experimental  stage,  and  which  is  now  largely  used  in  On 
Britain.  Continuous  filters  are  found  to  give  more  perfect  aratic 
and  to  be  more  readily  controlled,  than  the  intermittent  conti 
beds.  At  the  same  time,  there  is  a  very  large  saving  in  space 
their  use.  A  modified  form  of  continuous  filter,  with  a  hi 
efficiency  for  the  area  occupied,  is  essential  to  secure  eoonomi 
results  in  the  application  of  this  form  of  sewage  disposal  to  1 
requirements  of  large  cities. 

At  the  same  time,  as  the  author  remarks,  it  seems  doubtful 
they  would  work  successfully  during  a  Canadian  winter. 
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The  principal  reason  for  the  failure  of  contact  beds  to  do  their 
hare  of  the  purification  seems  to  be  due  to  the  fact  that  the 
affluent  from  the  septic  tank,  Instead  of  only  containing  organic 
Qatter  in  solution,  contains,  at  the  same  time,  a  large  quantity  of 
irganic  matter  in  the  colloidal  state.  This,  flowing  on  to  the  con- 
act  beds,  is  mechanically  attracted  by  the  surfaces  of  the  filtering 
naterlal  and  deposited  there  in  the  form  of  sludge. 

Ck>lloids  may  be  regularly  described  as  matter  rendered  tempor- 
irily  invisible  in  a  state  of  pseudo-solution,  and  are  readily  attracted 
o  interposed  surfaces,  on  which  they  collect  in  the  form  of  slime, 
radually  coagulating,  and  finally  being  deposited  as  sludge.  Some 
dea  of  the  importance  of  these  colloids  may  be  obtained  from  the 
act  that  about  10%  of  the  albuminoid  nitrogen  present  in  domestic 
lewage  exists  in  this  state,  comprising  50%  of  the  total  organic 
natter  present  In  the  tank  effluent. 

The  writer  is  of  the  opinion  that,  in  order  to  make  a  bacterial 
Dstallation  completely  successful,  provision  should  be  made  for  this 
olloidal  matter  in  one  of  two  ways: 

First,  by  an  addition  to  the  septic  tank  in  the  form  of  a  closed 
nasrobic  filter,  through  which  the  tank  effluent  percolates  upwards 
rom  the  outlet  pipe;  or,  second,  by  providing  roughing  or  Inter- 
nediate  filters  for  the  tank  effluent  before  allowing  it  to  fiow  onto 
he  contact  beds.  These  filters  may  be  made  of  rough  sand  or 
Tavel,  and  require  very  little  attention  beyond  being  occasionally 
leaned  out  and  washed.  The  first  method  is  probably  the  better, 
3  a  pit  can  be  provided  under  the  ansDrobic  filter,  as  under  the 
eptic  tank,  and  the  sludge  collected  and  removed  from  both  in  the 
sual  way.  At  the  same  time  the  roughing  filters  are  inexpensive, 
nd  seem  to  have  been  used  with  very  marked  success. 

It  is  interesting  to  compare  Mr.  Butler's  paper  with  one  recently 
sad  by  Messrs.  Jones  and  Travis,  on  "  The  elimination  of  suspended 
[)lid8  from  sewage,"  before  the  Institution  of  Civil  fiSngineers  in 
ondon.  The  paper  dealt  chiefly  with  the  difflculties  met  with  in 
le  bacterial  treatment  of  sewage,  and  discussed,' at  some  length,  the 
aestion  of  colloidal  matter. 

They  consider  the  mechanical  methods  to  be  the  best  way  of 
^positing  the  colloids  and,  in  fact,  look  upon  the  breaking  down 
r  the  sewage  in  the  septic  tank  as  largely  due  to  physical  causes 
ither  than  to  the  action  of  the  bacteria.  At  the  same  time  they 
»mark  "  that  every  sewage-disposal  works,  In  order  to  be  worthy 
[  the  name,  must  make  ample  preparation  for  sludge-disposal." 

Messrs.  Jones  and  Travis'  view  that  the  action  is  a  mechanical 
le,  taking  place  in  the  septic  tank,  gives  rise  to  an  interesting 
^mparison,  traced    by    the    German    chemists,  Messrs.  Biltx  and 
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Hr.  Cochrane  KrOhnke,  between  the  septic  tank  method  end  that  of  chemical 
precipitation.  The  lime  and  ferrous  oxide  of  the  latter  correspond 
to  the  interposed  surfaces  in  the  former  which  cause  the  precipita- 
tion of  the  colloids.  In  this  connection  it  may  be  noted  that 
contact  beds  have  been  very  successfully  used  to  clarify  the  effluent 
from  precipitation  tanks. 

The  author  quotes  Mr.  Dibdln  to  the  effect  that  the  only  essential 
to  the  continued  efficient  working  of  a  properly  constructed 
{crobic  filter  is  the  regular  period  of  rest  and  leration;  but 
Mr.  Dibdin  was  probably  referring  to  the  London  sewage,  which  i& 
first  treated  with  chemicals  in  order  to  precipitate  the  suspended 
colloidal  matter,  as  explained  above,  before  being  passed  throu^ 
the  eerobic  filters. 

However,  it  is  only  fair  to  Mr.  Butler  to  add  that  in  the  discus- 
sion, following  the  paper  quoted  above,  the  majority  of  the  speaken 
seemed  to  regard  the  bacterial  activity  as  of  greater  importance 
than  the  mechanical  action.  The  writer  agrees  that  in  a  modified 
form  of  bacterial  treatment  is  to  be  found  a  final  solution  of  thi 
sewage  problem. 

At  Toronto. 
Mr.  Bast.  C.  H.  RusT  (M.  Can.  Soc.  C.  E.).    Mr.  Butler's  paper  deals  witl 

a  subject  which,  up  to  the  present  time,  has  been  very  little  befon 
the  members  of  the  Society,  as  Canadian  municipalities  have  li 
most  cases  been  able  to  discharge  their  crude  sewage  into  river 
and  large  bodies  of  water.  In  recent  years,  however,  owing  to  si 
many  outbreaks  of  typhoid  fever  all  over  the  country,  and  to  com 
plaints  received  from  various  parties  regarding  the  pollution  o 
streams,  the  Provincial  Boards  of  Health  have  become  very  carefu 
in  consenting  to  the  discharge  of  crude  sewage  into  any  river  o 
lake  which  is  likely  to  be  used  as  a  source  of  water  supply.  Thii 
of  course,  renders  it  imperative  that  some  other  means  will  have  t 
be  adopted  for  the  disposal  of  sewage. 

Berlin  haft  recently  installed  septic  tanks  and  bacteria  beds,  an 
Toronto  has  also  Just  completed  a  small  plant  for  a  portion  of  th 
city.  This  plant  is  comprised  of  three  tanks,  100'  x  14'  x  7'.0,  an 
twelve  beds,  in  three  groups  of  four  each,  50'  x  28'  x  4'  6",  filled  tov 
feet  deep  with  one-half  inch  furnace  slag.  The  sewage  distribute 
over  the  beds  through  six  lines  of  six  inch  weeping  tiles,  placed  ( 
below  the  surface  of  the  filtering  material,  is  collected  throug 
thirteen  lines  of  3"  weeping  tiles,  placed  on  the  fioor  of  the  beds. 

When  this  system  was  first  introduced  by  Mr.  Cameron,  cit 
engineer  of  E^xeter,  some  nine  years  ago,  it  was  thought  then  thi 
the  sludge  problem,  which  was  the  greatest  drawback  to  the  syste: 
of  precipitation  of  sewage  by  lime,  etc.,  would  be  obviated;     bi 
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ifter  some  few  years  of  experience  it  has  been  found  that  in  cities     Mr.  utut 
)r  towns,  especially  where  the  combined  system  of  drainage  is  in 
force,  there  is  still  a  very  large  amount  of  sludge  of  which  to  get 
rid. 

After  the  sewage  has  passed  through  the  tanks  it  is  generally 
turned  upon  beds  composed  of  cinders,  broken  stone,  slag,  etc.,  and 
indergoes  a  further  purification. 

In  a  majority  of  cases  one  set  of  contact  beds  has  been  found 
sufficient,  but  where  a  very  high  degree  of  purification  is  desired 
two  sets  of  beds  are  generally  used. 

As  a  rule,  it  is  found  that  about  50%  of  the  organic  matter  is 
removed  after  the  treatment  of  passing  through  the  tanks,  and  a 
further  purification  of  from  30%  to  40%  is  effected  by  the  contact 
beds.  Usually  the  effluent  is  fairly  good,  although  it  contains  a  very 
[arge  number  of  bacteria  and,  under  certain  circumstances,  it  might 
be  inadvisable  to  discharge  it  into  a  body  of  water  close  to  the 
source  of  a  water  supply. 

The  Cameron  Company  have  advocated  the  covering  of  all  tanks, 
and  this  covering  has  been  constructed  where  plants  are  erected 
under  their  supervision;  but  a  large  number  of  other  plants  have 
been  built  with  the  tanks  left  open,  and,  it  is  claimed,  that  equally 
13  good  results  have  been  obtained,  although  in  this  country,  owing 
to  the  severe  winters,  it  would  seem  advisable  to  cover  the  tanks. 

The  system  of  distribution  from  the  tanks  to  the  beds  by  the 
Dameron  process  is  carried  out  by  an  automatical  gear,  but  in 
Sifanchester  and  other  places  this  operation  is  performed  by  manual 
labour. 

The  usual  system  of  distributing  the  sewage  over  the  beds  has 
been  by  means  of  a  line  of  open  drains  laid  on  top  of  the  beds; 
but  during  the  past  two  or  three  years,  in  England  and  Europe,  this 
bas  been  superseded  by  constructing  percolating  filters,  generally 
Hrcular,  and  containing  a  filtering  material  seven  or  eight  feet  deep, 
the  sewage  being  distributed  by  revolving  arms,  which  spread  the 
lewage  equally  over  the  whole  surface  of  the  beds  at  regular 
intervals. 

At  Birmingham  and  other  places  some  experiments  have  been 
nade  by  laying  a  line  of  iron  pipe  over  the  surface  of  the  bed  and, 
it  certain  intervals,  distributing  the  sewage  by  means  of  a  jet.  This 
las  griven  very  good  results,  but  it  would  probably  be  objectionable 
n  this  climate. 

In  Columbus,  Ohio,  however,  experiments  recently  made,  show 
hat  during  the  winter  sewage  can  be  distributed  by  this  method 
without  any  injurious  result  from  the  frost. 

In   the  beds  recently  constructed    for    the    city  of  Toronto,  the 
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Mr.RoBt  filtering  material  used  is  slag,  from  Hamilton  fumaoes.    Thia  will, 

in  all  probability*  give  equally  as  good,  if  not  better,  results  than 
clinkers,  and  is  much  cheaper  and  more  easily  procured. 

The  material  in  the  beds,  after  four  or  five  years'  use,  would 
probably  require  to  be  taken  out  and  washed.  This,  in  England, 
costs  about  25  cents  or  30  cents  per  cubic  yard. 

One  must  emphasize  the  absolute  necessity,  after  these  plants 
are  constructed,  of  having  the  work  put  in  the  charge  of  a  com- 
petent man.  Frequent  analysis  should  be  made  of  the  effluent,  and 
the  operation  of  the  plant  should  be  carefully  undertaken. 


MECHANICAL  SECTION. 

President— R.  J.  Dublbt. 
Vice-President— W.  KsmnEDT,  Jb. 

A  meeting  of  the  Mechanical  Section  was  held  Norember  1, 
Tofessor  Durley  in  the  chair.  Mr.  H.  O.  Keay  gave  an  illustrated 
icture  on  "Dynamometer  Car  Experiments  on  the  Boston  and 
[aine  Railway." 

A  PER  No.  247 

DYNAMOMETER  CAR  EXPERIMENTS  ON  THE  BOSTON 

AND  MAINE  RAILROAD. 

By  H.  O.  Kbay. 


Ever  since  the  railroad  companies  began  to  recognize  the 
mnage  basis  rather  than  the  car  basis  as  the  proper  foundation 
>r  accounts  and  comparative  statistics,  the  matter  of  tonnage 
itlng  of  locomotives  from  one  point  to  another  along  the  system 
as  sprung  into  prominence. 

Formerly,  they  were  content  to  make  up  their  freight  trains 
D  a  rating  of  the  specified  number  of  cars  to  be  assigned  to  a 
iven  class  of  locomotives.  This  practice  was  employed  apparently 
ithout  any  reference  to  whether  the  cars  were  loaded  with  bricks 
r  straw  hats.  An  arbitrary  allowance  was  made  to  cover  the 
latter  of  empty  cars-— the  customary  practice  being  to  consider 
re  empty  cars  equivalent  to  three  loaded  cars.  Unfortunately, 
da  trifle  made  considerable  difference  to  the  locomotive  whose 
Lpaclty  was  influenced  by  the  physical  laws  of  gravitation  and 
lotion. 

Whatever  may  be  said  with  reference  to  the  practice  of  com- 
ling  statistics  of  locomotive  performance  upon  the  car-mile 
Lsis,  two  things  are  certain. when  it  comes  to  making  up  trains 
»r  the  locomotive  to  haul:  unless  the  yardmasters  are  endowed 
ith  tlie  gift  of  Insight  beyond  the  human  ken,  either  the  trains 
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will  ordinarily  run  underloaded  with  a  loss  to  the  company  irom 
a  surplus  of  power,  or  the  trains  will  attempt  to  run  overloaded 
with  probably  a  greater  loss  to  the  company  from  tieing  up  sec- 
tions of  the  road,  overtime  paid  to  employees,  shortage  of  power, 
and  kindred  difficulties. 

In  order  to  insure  a  more  certain  and  even  performance  on  cue 
part  of  locomotives,  the  making  up  of  freight  trains  upon  a  scale 
of  total  tonnage  has  come  largely  into  use. 

Of  course,  certain  parts  of  a  railroad  are  comparatively  level, 
allowing  long  and  heavy  trains  to  be  moved,  while  other  sections 
of  the  same  line  lie  among  the  hills,  where  steep  grades  and  sharp 
curves  present  such  resistance  as  to  preclude  the  movement  ot 
even  a-third  the  amount  of  freight  possible  on  a  level  run. 
Obviously,  the  ideal  way  would  be  to  consistently  arrange  a  modi- 
fication of  the  train  at  the  foot  and  the  summit  of  every  con- 
siderable grade;  but,  unfortunately,  this  would  not  suit  the  traffic, 
the  vast  bulk  of  which  moves  throughout  the  length  of  the  line. 
Rating  change  points  are,  therefore,  established  with  reference  to 
Junction  points  with  other  lines  or  branches,  which  serve  as 
feeders  or  outlets  for  the  accumulation  or  disposal  of  freight,  as 
well  as  with  reference  to  the  physical  character  of  the  road  itself. 
For  this  reason,  a  rating  change  division,  or  section  between  two 
rating  change  points,  may  be  comparatively  level,  except  for  one 
particular  hard  spot  which  constitutes  the  critical  or  ruling  point 
In  determining  the  maximum  rating  to  assign  to  a  class  of  loco- 
motives between  the  two  points  mentioned,  it  is  necessary,  then, 
to  determine  just  how  many  tons  may  be*  taken  over  tliis  critical 
point  at  a  satisfactory  speed  under  normal  conditions. 

Inhere  may  be  mentioned  three  methods  of  arriving  at  the 
correct  rating. 

The  first  method  is  simply  that  of  trial  and  error,  and  is  the 
most  laborious.  In  order  to  be  accurate.  It  is  necessary  to  run  a 
large  number  of  trial  trips,  with  different  loads,  in  order  to 
eliminate  as  far  as  possible  the  effect  of  accidental  variations, 
for  which  there  is  no  means  of  determining  the  value.  In  the 
hands  cf  an  experienced  man,  an  exhaustive  test  of  this  nature  is 
eminently  safe,  but  the  length  of  time  required  for  a  road  of  many 
divisions  and  conditions  renders  it  rather  a  slow  process.  While 
it  is  very  useful  as  a  check,  the  practice  is  made  use  of  only  when 
there  Is  no  positive  Information  in  regard  to  the  profile  and 
alignment  of  the  road  at  the  critical  point;  in  other  words,  when 
the  grade  and  curvature,  or  other  adverse  conditions  which  may 
appear,  are  not  accurately  known. 
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The  second  method  is  by  calculation,  based  upon  the  known 
physical  conditions  at  the  ruling  point,  and  the  theoretical  power 
of  the  locomotive;  that  is,  the  calculated  tractive  effort  of  the 
locomotive  is  equated  with  the  computed  resistance  to  be  over- 
come at  a  reasonable  speed.  To  assume  a  specific  case,  we  may 
take  a  locomotive  carrying  200  lbs.  steam  pressure— whose  cylin- 
ders are  20"  in  diameter,  with  a  30"  stroke;  whose  driving  wheels 
are  61"  in  diameter,  and  whose  total  weight,  including  the  tender 
in  working  order,  is  140  tons.  The  tractive  force  is  then  expressed 
in  the  well-known  formula: 


T.F. 


0.8  P  X  d»  X  L 

D 
0.8  X  200  X  20*  X  30 
61 


=  31,470  lbs. 
where  P  =  working  steam  pressure. 

d  =  cylinder  diameter. 
L  =  length  of  stroke. 
D  =  diameter  of  driving  wheel. 

It  is  to  be  noted  that  the  mean  effective  pressure  in  the  engine 
cylinder  is  here  taken  as  80%  of  the  boiler  pressure. 

This  has  been  taken  by  the  United  States  Interstate  Ck)mmerce 
Commission,  in  collecting  comparative  statistics,  as  85%,  but  while 
this  may  serve  very  well  for  comparative  work,  it  has  been  found 
more  in  accord  with  actual  performance  to  use  80% — allowing  the 
difference  to  care  for  internal  friction. 

The  tractive  force  given  holds  very  nearly  for  speeds  up  to 
10  miles  per  hour,  corresponding  ordinarily  with  piston  speeds 
up  to  250'  per  minute.  At  higher  speeds,  the  mean  effective  pres- 
sure drops  off  somewhat,  and  a  series  of  factors  have  been  deter- 
mined by  experiment  by  which  the  indicated  tractive  force  may 
be  adjusted  to  various  speeds;  thus,  at  15  miles  per  hour  for  the 
locomotive  in  question,  the  speed  factor  would  be  0.82,  which, 
multiplied  Into  31,470  lbs.,  would  reduce  this  to  25,800  lbs.  nearly. 

Having  ascertained  the  available  tractive  force,  attention  is  next 
given  to  the  probable  resistance.  Let  us  assume  a  grade  of  60'  to 
the  mile  combined  with  a  5"*  curve.  Experiment  has  shown  that 
curve  resistance  per  degree  averages  very  nearly  .7  lb.  per  ton,  or  an 
equivalent  1.85'  per  mile  added  to  the  grade.  The  5**  would  give 
9.25'  to  add  to  the  actual  60',  producing  a  total  or  equivalent  grade 
of  69.25'  per  mile. 

For  each  foot  of  rise  per  mile,  the  resistance  due  to  gravity  is 
shown  to  be  0.3788  lbs.  per  ton,  from  a  consideration  of  the  time- 
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honoured  propoBltion  of  the  inclined  plane.  For  the  69.25  ft.  we 
would  have,  therefore.  26.23  lbs.  per  ton.  This,  however,  does  not 
include  all  the  resistances.  Rolling  and  journal  friction,  atmos- 
pheric resistance,  and  the  effect  of  rail-wave  ahead  of  the  wheels, 
and  miscellaneous  resistances  have  been  ayeraged  in  a  series  of 
conventional  allowances  commensurate  with  the  speed,  and  for 
that  of  15  miles  per  hour  this  so-called  speed  resistance  is  given  in 
some  tables  as  5.5  lbs.  per  ton.  This  added  to  our  former  figure 
of  26.23  lbs.  per  ton,  due  to  gravity*  gives  a  total  resistance  of 
31.73  lbs.  per  ton.  Dividing  the  available  tractive  force  of  25,800 
lbs.  by  this,  gives  813  tons  gross.  Since  the  locomotive  itself 
constitutes  a  part  of  the  system  to  be  moved,  its  weight  of  140 
tons  must  be  deducted  from  this,  leaving  673  tons  net,  which  this 
locomotive  should  be  capable  of  hauling  past  the  point  in  question 
at  a  rate  of  15  miles  per  hour.  This  is  the  outline  of  the  method 
of  calculation  employed.  There  are  various  slight  modifications 
of  the  experimental  values  used,  and  certain  refinements  introduced 
affecting  the  speed  in  reference  to  the  steaming  capacity  of  the 
boiler,  on  the  one  side  of  the  equation,  and  effect  of  inertia  on 
the  so-called  momentum  grades,  on  the  other.  This  method  in 
general  serves  fairly  well  as  a  range  finder,  and  if  consistently 
followed  up  by  a  few  trials  by  the  first  method,  it  is  possible  to 
arrive  at  very  satisfactory  results. 

The  other  method  of  determining  the  proper  tonnage,  rating 
from  point  to  point,  is  by  use  of  the  dynamometer  car,  and  while 
the  figures  so  obtained  are  not  necessarily  infallible,  still  the 
means  employed  are  certainly  more  convincing;  and  it  furnishes, 
moreover,  a  permanent  record  of  actual  performance  for  future 
reference  and  discussion.  This  brings  us  to  that  part  of  the 
subject  to  be  considered  in  the  present  instance — the  practical  use 
of  the  car  in  arriving  at  tonnage  ratings. 

In  starting  these  tests,  some  basis  of  speed  over  the  ruling 
grades  must  be  established.  In  the  present  case  this  was  given 
as  follows  for  full  rating,  or  what  is  known  as  drag-frelght: 
"Ratings  should  be  made  on  the  basis  of  an  average  engine,  run 
by  an  average  engineer,  so  that  the  tonnage  can  be  handled  at  an 
average  speed  of  10  miles  per  hour  over  the  ruling  grade,  with  a 
minimum  speed  of  6  miles  per  hour  on  the  hardest  pulls,  under 
favourable  conditions  of  weather  and  rail,  and  without  running 
the  engine  beyond  its  economical  capacity."  This  is  considered 
the  maximum  or  100%  rating,  and  where  a  faster  schedule  is 
desired,  a  certain  percentage  of  this  Is  taken. 
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The  working  force  for  the  tests  was  In  this  instance  made  up 
ss  follows: 

1  man  In  charge  of  the  tests. 

2  operators  or  instrument  men. 

1  observer— usually  a  trainmaster  or  travelling  conductor. 
1  travelling  engineer. 
1  engine  observer. 
1  clerk. 
1  cook. 

The  operators  alternated  at  the  dynamometer,  and  their  duties 
were  as  follows: 

Recording  all  locations  and  time'  of  passing,  or  stopping  at, 
stations  or  passing  mile  posts. 

Noting  speed  and  draw-bar  pull  at  mile  posts,  except  on 
up-grades,  where  readings  were  taken  at  every  change  in 
speed  or  pull.  This  record  constitutes  the  running  log, 
copies  of  which  were  mailed  at  the  close  of  each  test  to  the 
Assistant  General  Manager,  (General  Superintendent,  Super- 
intendent of  Motive  Power,  Division  Superintendent,  and 
Division  Master  Mechanic. 

The  duties  of  the  travelling  engineer  were  to  see  that  the 
maximum  performance  was  obtained  from  the  locomotive  at  all 
times,  and  to  arrange  for  as  rapid  movement  of  the  locomotive  at 
round  houses  and  terminals  as  possible,  together  with  proper 
inspection.  It  was  his  care  to  see  that  extra  sand  was  carried 
along  on  the  tender  for  use  in  case  the  locomotive  sand-box  was 
emptied,  and  to  see  that  a  steam  gauge  was  properly  set  up  in  the 
cab  and  piped  to  one  of  the  steam  chests  to  enable  the  engine 
observer  to  obtain  a  record  of  steam  chest  pressures.  The 
travelling  engineer  was,  therefore,  rather  than  the  englneman, 
made  responsible  for  the  performance  of  the  locomotive. 

The  duties  of  the  engine  observer  were  to  record  all  changes  in 
the  position  of  the  throttle  and  reverse  lever,  with  corresponding 
boiler  and  steam-chest  pressures — ^together  with  measurements  of 
water  taken  and  estimates  of  coal  consumed.  This  constitutes  the 
engine  log,  a  copy  of  which  will  be  shown  later. 

The  duties  of  the  trainmaster  in  connection  with  the  tests 
will  be  explained  later,  with  a  description  of  the  observation 
monitor. 
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The  clerk's  duties  were  to  make  copies  of  the  nmniag  and 
engine  logs  to  be  sent  to  the  railway  officials  previously  men- 
tioned, and  to  keep  a  careful  check  upon  the  tonnage  of  the  train 
at  all  times.  Before  the  test  started  he  arranged  a  list,  in  trail] 
order,  showing  the  actual  scale  weights  of  the  cars,  and  was  pre- 
pared to  give  the  reduced  tonnage  corresponding  with  any  cut 
He  also  kept  a  record  of  the  daily  movement  of  the  car — stating 
whether  the  same  was  in  testing  or  in  dead-head  movement. 

In  this  connection  it  may  be  of  interest  to  know  the  average 
number  of  miles  per  day  which  may  be  counted  upon  in  out- 
lining a  series  of  tests.  On  one  western  road  the  average  wai 
87.5  miles  per  day,  on  another,  with  comparatively  infrequeni 
trains,  the  average  shows  91.8  miles  per  day.  Where  the  traffi< 
Is  thick,  as  at  present  upon  eastern  trunk  lines,  and  where  a  pari 
of  the  line  is  single  track— the  test  train  having  to  keep  clear  ol 
scheduled  trains— it  is  impossible  to  cover  nearly  so  many  miles 
as  just  noted;  thus,  for  a  road  of  fast  and  frequent  train  movemeni 
and  heavy  traffic,  with  numerous  short  branches,  the  average  wil 
not  exceed  50  miles  per  day. 

The  manner  of  handling  the  test  train  upon  the  road  wai 
generally  as  follows:  An  estimate  was  made  of  the  probabk 
maximum  tonnage  for  a  rating  change  division  and  a  reasonabU 
excess  provided  above  this  estimate.  The  yardmaster  assemblec 
the  train  and  furnished  a  switch  list  showing  the  scale  weight 
of  the  cars.  The  train  was  started  out  as  an  extra,  and  al 
observations  taken  from  the  beginning.  A  second  locomotive 
followed  the  train  as  closely  as  safety  would  permit,  for  the  pur 
pose  of  assisting  in  any  back-up  movement  when  the  speed  fel 
below  the  requirements  in  negotiating  any  grade.  This  engine 
usually  took  along  the  excess  of  cars  cut  from  the  test  train,  as  i 
was  the  purpose  to  make  the  same  include  paying  freight  wher« 
it  could  do  so  without  detriment  to  the  service.  Detail  tests  wer 
repeated,  difficult  starts  were  made,  and  reductions  or  addition 
in  tonnage  arranged  until  the  performance  was  shown  to  b 
satisfactory. 

The  dynamometer  car  has  been  of  late  the  subject  of  severs 
excellent  articles  in  the  railway  Journals,  but  these  have  deal 
fully  with  the  details  of  construction  and  the  advantages  of  certai: 
designs,  rather  than  with  the  matter  of  handling  the  car  itself  1 
service.  While  one  or  two  cars,  notably  the  Westinghouse  Brak 
Company's,  have  been  built  for  service  of  a  special  nature,  th 
majority  of  them  have  been  made  use  of  by  one  railway  c 
another  for  the  purpose  of  determining  the  tonnage  which  shoul 
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properly  be  imposed  '  upon  various  classes  of  locomotives,  over 
different  sections  of  the  line.  The  car  which  we  recently  used  for 
this  purpose  is  here  shown  (Fig.  1),  and  attention  will  be  briefly 
directed  to  certain  essential  features  of  its  construction.  The 
exterior  of  this  car  does  not  at  once  appeal  to  one's  ideas  of  the 
beautiful  from  an  architectural  view-point.  We  might  call  it  a 
sort  of  Queen  Anne  style  of  construction,  where  external 
arrangement  has  been  made  subservient  to  interior  convenience. 

Attention  is  especially  directed  to  the  observation  tower  at  the 
front  end  of  the  car.  The  interior  is  provided  with  elevated 
chairs  on  each  side,  as  will  be  shown  presently.  This  monitor, 
or  tower,  is  constructed  as  wide  and  as  high  as  clearances  will 
permit,  in  order  that  the  observer  may  get  a  clear  view  ahead  of 
the  locomotive,  as  well  as  to  see  a  little  of  wliat  may  be  going  on 
in  the  cab.  In  the  storage  compartments,  at  the  bottom  of  the 
car,  are  carried  such  repair  parts  as  may  be  needed.  The  bat- 
teries used  to  operate  the  recording  pens  of  the  dynamometer  are 
also  kept  here.  For  this  service  we  found  the  ordinary  Edison 
battery  of  the  size  used  in  automatic  signal  work  to  be  thoroughly 
satisfactory.  The  compartments  on  the  opposite  side  from  view 
were  the  coal  bins  and  refrigerators,  since  it  was  necessary,  in  the 
manner  In  which  the  tests  were  run,  to  keep  the  car  stocked  with 
provisions  for  at  least  a  week  ahead — these  provisions  being 
forwarded  by  passenger  train  from  the  terminal  commissary. 

There  will  perhaps  be  noticed  the  ladders  leading  to  the  roof 
from  the  front  and  rear  platforms.  These,  connecting  with  the 
platform  along  the  centre  of  the  roof,  rendered  the  top  of  the  car 
similar  to  that  of  the  ordinary  freight  car.  It  was  not  necessary, 
nor  at  all  times  desirable,  to  have  the  train  men  passing  through 
the  car,  and  the  rear  door  was  ordinarily  kept  locked.  The  inlet 
for  the  water  tanks  supplying  the  car  is  at  the  top,  near  where 
the  chimney  rises  to  proclaim  the  domain  of  the  chef.  The 
extremely  short  platforms  of  the  car  have  often  been  remarked 
npon,  and  it  should  be  said  in  explanation  that  the  excuse  for 
this  inconvenience  lies  In  the  additional  strength  to  resist  the 
buffing  shocks  incident  to  freight  service.  This  is  ipore  clearly 
shown  on  Fig.  2. 

The  ends  of  the  beams  used  to  reinforce  the  usual  car  under- 
framing  are  seen  in  Fig.  2.  The  principal  feature  of  this  view  to 
which  attention  should  be  directed  is  the  coupler  connecting  with 
the  dynamometer  draft  cylinder.  The  shoulder  of  the  coupler 
is  kept  clear  of  the  chafing  plate  by  a  distance  of  about  3".  The 
method   of    keeping  this   in    adjustment   will    be    shown    directly. 
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Beneath  the  coupler  shank,  or  extension,  may  be  observed  one  of 
a  series  of  rolls,  whose  office  Is  to  minimize  the  frictional 
resistance. 

Fig.  3  shows  the  front  interior  of  the  instrument  room.  The 
dynamometer  recording  instrument  is  seen  at  the  left,  while  the 
observation  chairs,  before  mentioned,  are  at  the  right  and  left  of 
the  monitor.  Upon  some  of  the  recent  cars  the  dynamometer 
table  has  been  elevated,  so  that  the  operator  may  make  his  own 
observations  of  outside  details,  but  from  our  experience  this 
practice  is  not  to  be  recommended,  as  it  is  quite  enough  for  one 
person  to  properly  attend  to  the  running  record  made  from  the 
instrument. 

With  us,  the  division  trainmaster  or  travelling  conductor 
usually  rode  in  the  observation  seat  and  called  off  the  stations 
and  mile-posts  for  the  information  of  the  operator — at  the  same 
time  pressing  an  electric  button  as  the  location  was  passed,  which 
made  a  mark  upon  the  paper  record  passing  across  the  dynamo- 
meter table.  The  operator  stamped  the  mile-post  namber--or 
wrote  in  the  name  of  the  station — opposite  this  mark  upon  the 
record.  Whenever  the  locomotive  entered  a  curve  to  the  right,  the 
observer  pressed  this  same  button  and  did  not  release  it  until  the 
locomotive  returned  again  to  the  tangent,  or  the  curve  was 
reversed.  This  continued  contact  swerved  the  location  pen  to  the 
right,  and  in  reading  the  record  this  sign  was  always  used  to 
denote  the  location  and  extent  of  a  right-hand  curve.  Anothei 
electric  button  in  the  monitof  was  used  to  indicate  left-hand 
curves  in  a  similar  manner.  The  contact  in  this  case,  however, 
caused  the  location  pen  to  vibrate  in  such  a  way  as  to  produce  s 
broad  mark  upon  the  record,  which  in  later  examination  is  inter 
preted  as  defining  the  left-hand  curve. 

The  other  duties  of  the  observer  were  to  arrange  for  all  neces- 
sary train  movements  while  on  the  road,  together  with  working 
orders,  to  enable  tests  to  be  repeated  as  the  occasion  required. 
Upon  the  back  of  the  observation  chair,  upon  the  right  sid( 
of  the  car,  are  located  the  air  brake  recording  gauges.  The  lowe 
gauge  is  connected  with  the  train-line,  while  the  upper  one  1 
connected  with  the  air  brake  cylinder.  The  small  cylinder  i 
connected  with  the  auxiliary  reservoir,  and  is  not  a  recordlni 
gauge. 

These  gauges  were  first  located  on  the  sides  of  the  car,  bu 
the  periodic  longitudinal  vibration  of  the  train  was  found  t 
seriously  interfere  with  the  continuous  recording  apparatus  in  thi 
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position,  while  if  they  were  located  in  a  yertical  plane  across  the 
car  there  was  no  apparent  difficulty. 

The  heating  of  the  car  during  cold  weather  is  effected  by 
means  of  an  ordinary  hot-water  heater  of  the  Baker  type,  located 
at  the  front  of  the  car  as  shown.  The  circulating  pipes  are  led 
directly  across  the  car  under  the*  floor,  thence  around  the  car  and 
back  on  the  same  side  as  the  heater.  There  was  no  difficulty  in 
keeping  the  car  comfortable,  even  in  the  most  severe  weather. 

The  clock,  located  at  the  front  of  the  car,  is  fitted  with  a 
device  to  establish  an  electric  contact  every  five  seconds  for  the 
speed  record  on  the  dynamometer. 
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The  next  view  (Fig.  4),  is  that  of  the  rear  end  of  the  instru- 
ment room.  The  clerk's  desk  and  typewriter  are  shown  at  the 
right,  and  that  of  the  person  ih  charge  of  the  tests  is  shown  at 
the  left.  The  lighting  of  the  car  was  very  good,  and  as  consider- 
able calculation  work  was  necessary  in  the  evening,  the  lamps  were 
located  along  the  wall  at  a  height  to  best  serve  the  needs.  These 
lamps  are  of  the  Argand  type,  burning  the  800''  mineral  seal  oil, 
which  is  well  adapted  to  railroad  work. 

For  rapid  preliminary  work  during  the  run,  an  adding  machine 
and  slides  rules  were  found  very  useful,  especially  in  making  up 
or  reducing  the  tonnage  of  the  train. 

A  longitudinal  section  through  the  dynamometer  cylinder  is 
shown  in  Fig.  5.  .  It  will  be  seen  that  any  considerable  pull  upon 
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the  draw-bar  will  produce  a  pressure  in  the  oil  filling  of  the 
cylinder  at  the  right,  or  front  side,  of  the  piston,  while  a  thrust 
upon  the  draw-bar  produces  a  pressure  in  the  oil  at  the  left  of  the 
piston.  Each  pressure  is  transmitted  to  a  small  cylinder  operating 
the  recording  pen  upon  the  moving  paper  record,  through  small 
pipes  connected  at  the  bottom  *  of  the  large  cylinder,  as  shown. 
The  vent  pipes  at  the  top  of  the  cylinder  are  provided  in  order  to 
discharge  the  air  which  leaks  into  the  system.  The  piston,  rod, 
and  gland  are  all  very  carefully  ground  to  fit,  with  water  grooves 
as  indicated.  The  leakage  of  oil  by  these  parts  is  surprisingly 
little  considering  the  extremely  small  amount  of  friction. 
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The  nest  of  springs,  shown  within  the  draw-bar  yoke,  ridec 
between  projecting  lugs  on  the  casting  bolted  between  the  centre 
draft  timbers  at  the  front  of  the  car.  When  the  dynamometer  is 
not  to  be  operated  *  for  any  considerable  length  of  run,  the  oi! 
may  be  forced  out  of  the  cylinder  and  wedges  inserted  at  CO  foi 
more  comfortable  riding.  For  calibration  of  the  scales  used  witl 
the  record,  the  diameters  of  the  piston  and  rod  had  to  be  knowi 
as  exactly  as  possible.  The  respective  diameters  in  this  case  wen 
10.006  inches  and  2.482  inches.  Rolls  were  provided  under  the 
draw-bar  and  yoke  to  minimize  the  friction;    and  repeated   tesi 
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demonstrated  that  the  actual  friction  of  the  parts  was  so  small  in 
comparison  with  the  forces  transmitted  as  to  be  safely  negligible. 

The  pressure  pipes  A  and  B,  shown  in  Fig.  5,  are  continued  in 
the  piping  diagram,  Fig.  6,  and  their  courses  to  the  small  cylin- 
ders on  the  recording  table  are  clearly  shown.  A  throttle  valve 
D  is  placed  in  the  system  AA  to  regulate  the  sensitiveness  of  the 
recording  pen  since  the  forward  (or  tension)  tests  are  the  more 
Qomerous  and  important.  Check  valves  are  provided  in  both 
systems  to  prevent  any  tendency  toward  a  vacuum  on  either  side 
of  the  piston.  To  prevent  the  accumulation  of  pressure  on  both 
sides  of  the  piston,  due  to  this  arrangement,  the  seats  of  these 
check  valves  have  a  very  minute  leakage  groove. 

The  pump  for  circulating  the  oil,  filling  and  discharging  the 
cylinder,  and  adjusting  the  position  of  the  piston,  is  shown  at  the 
right,  while  the  location  of  valves  and  connections  Indicates  the 
range  of  its  possibilities. 

(Connected  with  the  system  at  E  is  shown  the  gauge  tester, 
operated  by  the  common  method  of  floating  weights.  Thus  it 
is  possible  to  check  the  gauges  and  scales  used  to  interpret  the 
deflection  of  the  recording  pen  at  all  times.  It  is  through  the 
use  of  the  gauge  tester,  and  the  known  ratio  between  the  dynamo- 
meter piston  area  and  that  of  the  plunger  in  the  recording  cylin- 
der, that  these  scales  are  made — usually  upon  strips  of  thick 
paper— at  the  beginning  of  each  series  of  tests.  The  hydrostatic 
pilot  gauge  is  shown  in  position  at  F.  This  reads  directly  in 
pounds  per  sq.  inch,  and  is  further  calibrated  to  indicate  directly 
the  draw-bar  pull. 

A  point  of  interest  in  connection  with  this  arrangement  is  the 
kind  of  oil  necessary  for  use.  Since  the  oil  tends  to  become  thick 
and  sluggish  in  very  cold  weather,  it  will  be  seen  that  the  season 
of  the  year  influences  the  make-up  of  this  medium  of  transmission. 
It  was  found  by  experience  that  in  the  summer  time  a  compound 
of  one  part  of  valve  oil  to  two  parts  of  engine  oil  served  very  well, 
while  at  medium  temperatures  straight  engine  oil  was  used,  and  in 
extremely  cold  weather  it  was  found  necessary  to  use  passenger 
car  oil,  or  engine  oil  thinned  with  kerosene. 

The  dynamometer  recording  arrangement  is  shown  in  Fig.  7. 
The  record  paper  is  carried  upon  a  roll  at  the  back,  where  Just 
enough  friction  is  offered  to  keep  a  proper  tension  in  the  sheet 
as  it  passes  across  the  smooth  metallic  plate  under  the  recording 
pens.  In  the  particular  Instrument  used  the  paper  was  cut  exactly 
13^  inches  wide,  and  was  of  a  grade  known  as  special  sketching 
paper.  Since  all  of  the  recording  pens  were  of  the  stylographlc 
type,  a  paper  with  a  tough,  hard  surface  was  very  essential. 
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The  paper  is  drawn  down  at  the  front  of  the  table  between 
the  rubber  roll  a  and  a  fluted  copper  roll  immediately  behind  it 
This  copper  roll  is  turned  to  an  eiuict  diameter  to  give  a  papei 
travel  of  6  inches,  12  inches,  or  36  inches  per  mile,  depending 
upon  the  intermediate  change  gear  &.  In  the  driving  mechanism 
shown  at  the  right,  the  vertical  shaft  c  receives  its  motion  from 
a  worm  gear  fixed  upon  the  axle  of  one  of  the  car  trucks  below. 
The  sleeve  d,  together  with  the  universal  joint  e,  furnishes  the 
elasticity  necessary  for  the  irregular  movement  of  the  truck.  An 
interesting  feature  of  the  driving  mechanism  is  the  use  of  a  wooden 
pin  f  connecting  the  upper  part  of  the  sleeve  with  the  universai 
joint.  It  is  expected  that  this  pin  will  shear  off  before  any  damage 
can  be  done  to  the  rest  of  the  mechanism  in  the  event  of  anj 
accidental  sticking  or  clogging  in  the  paper  movement.  The  course 
of  the  driving  arrangement  may  be  traced  to  the  broad  bevel  geai 
g  on  the  shaft  of  the  fluted  roll  just  mentioned,  the  handle  h  beinfi 
provided  for  the  purpose  of  throwing  the  machine  in  and  out  oi 
gear,  or  to  reverse  the  direction  of  the  drive  to  accommodate  « 
backing  movement  of  the  car. 

The  recording  pens  are  shown  in  position.  Of  the  two  large 
pens  at  the  right,  the  one  nearer  the  operator  draws  the  datum 
line,  or  base  line,  while  the  other  pen,  by  its  deflection,  traoei 
a  line  whose  distance  from  the  base  line  measures  the  draw-bai 
pull.  The  latter  pen  is  attached  to  a  light  cross-head,  which,  in 
turn,  is  connected  to  the  small  pressure  cylinders  through  a 
multiplying  lever. 

Of  the  three  smaller  pens,  that  at  the  right  Is  the  location  pen 
and  is  operated  by  electric  connection  with  push  buttons  in  front 
of  the  observation  chairs,  as  already  explained  with  reference  tc 
the  duties  of  the  trainmaster. 

The  middle  pen,  or  chronograph,  marks  the  speed  line,  througli 
an  electric  connection  with  the  clock,  in  such  a  manner  that  the 
pen  is  deflected  momentarily  to  the  right  every  five  seconds.  The 
distance  between  these  deflections,  for  any  of  the  three  speeds  oi 
paper  travel  used,  as  measured  on  a  special  scale,  shows  exacti]? 
at  what  speed  the  car  was  moving  at  the  time.  This  line  served 
both  as  a  permanent  record  and  as  a  check  upon  the  Boyer  speed 
recorder  used  in  making  up  the  running  log  kept  by  the  operator, 
The  dial  of  the  Boyer  recorder  is  shown  at  the  right  of  the  table, 
while  its  operating  parts  are  enclosed  in  the  iron  case  fixed  upon 
the  floor,  and  shown  in  the  foreground  at  the  base  of  the  machine. 

The  small  pen  at  the  left  is  operated  through  an  electric  con- 
nection with  the  integrator,  and  serves  to  indicate  the  work  done 
through  the  draw-bar  for  any  given  distance.    This  integrator  la 
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in  reality  merely  a  planimeter  carrying  upon  its  spindle  twenty 
little  commutator  strips,  which,  establish  electric  connection 
through  a  tiny  copper  brush,  twenty  times  for  every  revolution  of 
the  planimeter  disc.  The  pens  and  integrator  are  shown  to  better 
advantage  in  the  pl|m  view  of  the  dynamometer  table,  Fig.  8. 

The  handle  of  the  throttle  used  to  adjust  the  sensitiveness  of 
the  dynamometer  is  seen  at  the  left  of  Fig.  7,  while  along  the  wall 
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may  be  noticed  the  switches  used  to  break  the  integrator  and 
chronograph  circuits  while  the  car  was  not  in  motion.  Such  oil 
as  leaked  by  the  plunger  of  the  small  pressure  cylinders  was 
conducted  down  into  the  gear  case  upon  the  truck  axle  through 
the  pipe  k. 

The  interpretation  of  a  few  characteristic  records  will  perhaps 
be  of  interest.  The  course  of  the  record  is  from  right  to  left,  and 
the  pressure  line  is  seen  at  the  top  above  the  straight  base  line. 
Fluctuations  in  the  oil  pressure  render  the  pressure  line  broad  and 
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uneven,  but  an  average  height  can  be  read  with  accuracy  by  the 
operator  after  a  little  practice.  The  line  next  below  the  datum, 
line  is  the  location  line;  then  comes  the  speed  line;  and  the 
integrator  line,  where  used,  would  come  below  the  speed  line.  On 
many  of  the  records  the  integrator  line  waa  purposely  omitted. 
Fig.  9  exhibits  particularly  the  effect  of  the  slipping  of  the 
locomotive  driving  wheels,  and  the  abrupt  drop  in  the  draw-bar 
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pull  is  clearly  indicated.  In  every  case,  as  soon  as  the  driving 
wheels  slipped,  the  throttle  was  closed  momentarily  to  aid  in  the 
recovery  of  proper  adhesion,  and  then  opened  to  maintain  the 
run  of  the  train. 

Fig.  10  shows  the  record  made  in  double-heading,  where  the 
driving  wheels  of  the  leading  locomotive  were  of  different 
diameter  from  the  second.  The  periodic  maximum  fluctuation  of 
pressure  occurred  when  the  valves  were  operating  in  unison;    in 
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other  worda,  the  znachines  were  working  in  the  same  phase.  The 
results  of  the  double-heading  tests  indicated  that  from  two  to 
five  per  cent,  of  the  available  energy  is  dissipated  between  the 
two  locomotives  when  they  are  coupled  together  at  the  head  of 
the  train.  Ratings  for  double-heading  were,  therefore,  made  up 
on  a  basis  of  96%  of  the  combined  single  ratings  for  any  two 
locomotives. 
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When  sharp  curves  occur  upon  grades,  a  uniform  resistance 
for  the  entire  grade  may  be  approached  by  a  reduction  of  the  grade 
within  the  limits  of  the  curve.  This,  of  course,  makes  the  rest 
of  the  grade  somewhat  steeper,  but  it  has  the  advantage  of  reduc- 
ing the  nuuHmum  resistance.  Fig.  11  is  shown  to  illustrate  the 
elfect  of  a  curve  which  had  not  been  so  comt>ensated,  and  the 
increase  in ,  resistance  is  shown. 

An  apparent  increase  in  resistance  is  sometimes  experienced 
Just  as  the  locomotive  pitches  over  the  summit  of  a  grade,  and 
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the  effect  of  its  weight  on  the  downward  slope  is  contributed 
suddenly  to  the  acceleration  of  the  train.  Such  an  effect  is  shown 
in  Fig.  12,  and  an  overestimate  of  the  locomotive  hauling  capacity 
must  be  guarded  against  by  an  exact  knowledge  of  the  conditions. 
An  attempt  has  been  made  in  Figs.  13  and  14  to  show  the 
effect  of  approaching  a  grade  at  fairly  high  speed,  the  former  view 


Fig  It 


W 


•    •    >•>*•■■■!  •alii>mMIIHIII«litHl«lMHMHHMtl 


m Ilii 


Ljsi&ffiussai 


Fig.  12. 


giving  a  profile  and  alignment  diagram.  The  progress  of  the 
train  was  from  right  to  left  upon  the  diagram,  corresponding  with 
the  direction  observed  in  all  the  records  shown. 

The  train  approached  the  foot  of  the  grade  at  a  speed  of  forty 
miles  per  hour,  and  this  speed  was  reduced  to  eight  miles  per 
hour  near  the  summit.  The  corresponding  rise  in  draw-bar  pull 
may  be  observed  in  the  record. 
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The  effect  of  air  in  the  dynamometer  cylinder  In  cold  weather 
la  shown  in  Fig.  15.  After  the  throttle  had  been  shut  off  on  the 
locomotive,  it  will  be  noticed  that  the  elasticity  of  such  air  in  the 
cylinder  prevented  the  pen  from  coming  fully  back  to  the  datum 
line.  It  was  to  remedy  this  defect  that  vent  pipes  were  provided 
in  both  ends  of  the  large  cylinder. 

In  cold  weather,  when  the  oil  is  too  thick  and  sluggish  in  its 
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Fig.  14. 
action,  an  absence  of  pulsation  or  vibration  of  the  recording  pen 
is  observed.    While  the  average  reading  is  undoubtedly  correct, 
there  is  a  slight  lag  in  all  the  events. 

The  results  taken  down  by  the  dynamometer  observer  are 
shown  in  Table  1,  which  is  an  exact  copy  from  one  of  the  running 
log  sheets.  The  column  headings  indicate  clearly  the  nature  of 
the  record. 

Under  the  head  of  Remarks  in  the  column  at  the  Tight  will  be 
noted  a  distinction  hetween  actual  tons  and  equated  ions  in  record- 
ing the  weight  of  the  train,  and  it  is  possible  that  an  explanation 
of  these  terms  may  not  be  out  of  place. 
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In  recognition  of  the  well-known  fact  that  empty,  or  partially 
loaded,  cars  offer  more  resistance  in  hauling  than  does  an  equal 
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weight  in  fully  loaded  cars,  practically  every  system  of  tonnage 
rating  carries  with  it  a  scale  of  allowances,  deduced  from  actual 
trials,  to  compensate  for  this.  In  the  following  system,  which 
was  used  in  the  tests,  It  will  be  seen  that  a  certain  number  of 
pounds  was  added  to  the  actual  weight  of  light  or  partially  loaded 
cars  to  give  an  equated  or  equivalent  tonnage,  which  experience 
indicates  could  have  been  hauled  with  equal  facility  if  concentrated 
in  fully  loaded  cars;  thus: 
4 
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6,000  lbs.  added  to  cars  weighing  30,000  lbs.  and  onder. 


6,000  " 

4                   M     *4 

30.000  Iba.  to  40.000  lbs. 

4,000  " 

4                  <f     44 

40.000  IbB.  to  50,000  lbs. 

3,000  " 

•        «t     «« 

60,000  lbs.  to  60,000  lbs. 

2,000  " 

«        ««     « 

60.000  lbs.  to  76,000  lbs. 

0  " 

«         f«      44 

above  76.000  lbs. 

It  was  for  the  purpose  of  checking  this  method  of  equating  the 
tonnage  that  the  record  was  entered  as  indicated,  together  with 
the  actual  weights.  While  the  method  was  found  to  be  a  little 
more  cumbersome  than  others  suggested.  It  Is  a  fact  that  Its  use 
gives  a  closer  approach  to  the  actual  resistances  observed. 

Were  the  ruling  conditions  those  found  In  a  long,  steep  grade, 
without  curves,  where  the  resistance  due  to  gravity  far  outweighfl 
other  considerations,  the  matter  of  compensating  for  underloaded 
cars  Is  obviously  of  less  Importance.  Such  conditions  were  so 
rarely  found  that  It  seemed  best  to  suggest  the  allowances  shown 
for  the  use  of  yardmasters  and  agents  In  the  making  up  of  trains 

A  copy  of  a  sheet  from  the  engine  observer's  record  is  shown  In 
Table  2.  The  key  to  the  readings  of  the  positions  of  the  reverse 
lever  is  seen  In  the  upper  right  hand  comer  of  this  sheet,  when 
the  cut-off  of  the  slide  valve  is  given  for  the  range  of  reverse 
lever  quadrant  notches  in  the  forward  gear. 

Fig.  18  gives  a  fair  idea  of  one  of  the  locomotives  prepared  foi 
test,  where  arrangements  have  also  been  made  for  obtaining 
indicator  cards  from  the  cylinders  during  the  run.  The  lattei 
provision  was  made  as  simple  as  possible  to  be  consistent  witl 
safety  and  convenience. 

There  were  several  details  in  the  preparation  of  the  locomotive 
for  which  the  round-house  foreman  was  directly  responsible  t< 
the  engineer  of  tests,  and  among  these  may  be  mentioned  th< 
following: 

1.  Safety  valves  adjusted  to  relieve  at  the  proper  pressure. 

2.  Steam  gauges  tested. 

3.  A  steam  gauge  set  up  in  the  cab  and  piped  to  one  of  th< 
steam  chests,  using  a  %"  wrought  iron  pipe  properly  lagged. 

4.  The  cut-off  of  valves  on  both  cylinders  determined  wit] 
reference  to  the  position  of  the  reverse  lever,  as  indicated  by  th( 
quadrant  notch  In  the  forward  gear. 

6.    A  barrel  of  dry  sand  placed  on  the  back  of  the  tender. 
6.    Exact  diameters  of  cylinders  and  driving  wheels  taken. 
In  order  to  reconcile  to  an  average  speed  of  10  miles  per  houi 
such   performances   as   differed   slightly  from  this   figure,   it  wa 
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Form  1640.     9-2-05-5m. 


November  15th,  1905 
Engine  No.  409 
Engineer,  E.  F.  Smith 
Fireman,  J.  D.  Moody 
Conductor,  D.  W.  Davison 
From  Sherbrooke  to  Newport 


A.T.H. 

Running  Log 

I.C.S.  Dynamometbr  Car 

No.  300 

BOSTON  AND  MAINE 
RAILROAD 


Train  No.  X  409 


Report  No.  61 -a 

Weather,  Cloudy 
Atmosphere,  Dry 
TempertUure,  Cold 
Wind,  Brisk 
Bail,  Good 


Conn,  and  Pass.  (North)  Division 


Location  Point 

TiMK 

To  J  min. 

Spkkd 
M.P.H. 

Dkaw-bar 
Ppll, 
Lbs. 

Remarks 

Sherbrooke  Yard 

8-47-15 

29,000 

22  cars =766  (equated) 
tons =748  (actual)  tons, 

Engine  No.  104  helping 

8-56-00 

20 

16,000 

C.P.R.  Diamond 

stop 

8-59  15 

Cut  off  helper  engine 

start 

859-45 

17,000 

Lennox  ville 

stop 

9-03-15 
904-45 

14 

5,000 

start 

9-05-00 

17,000 

Test  pull 

140 

9-09-15 

21 

8,500 

139 

911-45 

15 

11,500 

• 

138 

916-00 

30 

5.500 

Capelton 

9-1800 

16 

Drifting 

stop 

9-1830 

For  orders 

start 

9  2145 

15.000 

137 

9-23-30 

6 

Drifting 

stop 

9-2345 

start 

9-26-15 

17,000 

Test  pull 

136 

9-32-45 

22 

8,000 

Eustis 

9.3300 

23 

8,000 

135 

9  35-45 

19 

10,000 

134 

9.38-15 

22 

8.000 

942-45 

17 

12,000 

North  Hatley 

9  46-45 

11 

Drifting 

stop 

9-47-15 

Water  plug 

start 

9-51. 00 

17,000 

131 

9-55-00 

21 

9,500 

130 

957-45 

23 

9,000 

129 

10-00-15 

27 

7,500 

128 

10-0245 

23 

8,000 

127 

10-05.30 

22 

10,000 

Patney  Point 

10-07-30 

H 

20,000 

Min.  speed.    Max.  pull 

126 

10-09-30 

28 

6,500 

Massawippi 

10-10-30 

26 

7,500 

125 

10-11-45 

30 

6,000 

124 

1013-45 

29 

6,000 

Ayers  Cliff 

10-16-30 

16 

9,500 

123 

1017-00 

18 

9.500 

122 

10-19-15 

30 

6,000 

121 

10-21-30 

27 

6,500 

120 

10-23-45 

28 

6,000 

119 

10-26-15 

26 

6,000 

Boyntoa 

10-27-45 

17 

Drifting 

stop 

10  28-45 

Water  plug 

start 

10-32-45 

17,000 

118 

10.34-15 

13 

15.000 

Table  1— Fig.  16, 
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Form  1633.     9-2.*05-d000.     A.T.H.  Report  No.  61 1 

Ekotke  Loo 
I.  C.  S.  Dynamometer  Car  No.  300 
Sherbrooke  to  Newport  Engine  No.  409    Train  No.  X40 

BOSTON  AND  MAINE  RAILROAD 


Test  made  on  Conn,  and  Pass.  (North)  Divi«ion 


TiMB 

m 

2     I 

140 

i--" 

^  5 

8-47-30 

Corner 

Full 

8-55-00 

125 

10 

•  1 

8-58-00 

135 

(( 

Shut  off 

900-00 

140 

2 

J 

902-00 

150 

8 

4. 

9-02  30 

i( 

10 

i( 

9-03-45 

(( 

li 

Shut  off 

9-05-30 

140 

Corner 

Full 

9-07-00 

145 

7 

it 

9-08-30 

140 

14 

i< 

911-00 

135 

11 

<i 

9-14-00 

145 

9 

i< 

914-30 

*» 

11 

ti 

9-15-00 

135 

13 

II 

9-16-30 

140 

16 

II 

9-1700 

145 

11 

Shut  ofl 

9-21-30 

125 

Corner 

i 

9-23  00 

135 

ii 

923-45 

150 

II 

Shut  off 

926-30 

145 

II 

i 

9-2900 

154 

11 

tl 

932  00 

145 

11 

Full 

9.32  30 

It 

13 

tt 

9-35  00 

140 

14 

It 

9-39-00 

it 

12 

II 

9-40- 15 

»» 

11 

It 

9-4200 

135 

9 

.1 

9-42-30 

'• 

10 

tl 

9-44-00 

t( 

11 

It 

9-45  00 

140 

7 

Shut  off 

9-46  00 

130 

9 

h 

9-46.30 

140 

t* 

Shut  off 

9-51-30 

130 

8 

Full 

9-53-00 

145 

12 

tt 

9-55  00 

»♦ 

14 

tt 

10-0000 

140 

»* 

tl 

10-02-00 

i;i5 

ti 

If 

10-05-00 

<t 

13 

tt 

10-05-30 

•* 

12 

it 

1007  00 

140 

9 

•* 

10-07  30 

145 

6 

it 

10-08-00 

»* 

Corner 

•* 

1009  00 

•• 

8 

If 

10-09.30 

«i 

10 

" 

10-10-00 

140 

11 

If 

10-10-30 

It 

14 

II 

1012-00 

*t 

15 

It 

2  s  ^: 


125 
110 

125 
125 
125 

130 
135 
130 
125 
130 
130 
125 
1.30 

105 
105 

1.30 
135 
135 
1.35 
130 
130 
1.30 
125 
125 
125 

95 

125 
1.30 
130 
1.30 
125 
125 
125 
1.30 
135 
135 
1.35 
135 
130 
130 
130 


November  15th,  190 


Rkvebsk  Letb: 


Remarks 


Engineer,  E.  F.  Smith 


Fireman,  J.  D.  Moody 

Kind  of  coal,  fair 

Pop  raises,  143 

Pop  seato,  140 

Watch  compared 

at  Sherbrooke 

Fast         Slow-O.K. 

Reverselever  notches,41 

Counted  as  shown  below 
From  front  to  center 


Water  Tank 

OR 

Coal  Chute 


Sherbrooke, 
3018  gals,  water  Uken 

North  Hatley, 
2061  gals,  water  taken 


Boyiiton, 
1619  gals,  water  taken 


Newport, 

1303  gals,  water  left 


Total  water  used, 

5395  gals. 

Total  coal  used,  6  tons. 


Notches  I  Corre 
from  spondii 
Front      Cut-of 


comer 

2 

4 

6 

8 
10 
12 
14 
16 
18 


2(H 

20i 

19/^ 

181 

HA 

15H 

m 
m 

6i 


Inches 
water 
left  in 
Unk 


17 


24 


17 


Inches 
water 
filled  g 
up  to 


41 


45 


Table  2— Fig.  17 


the  Boston  and  Maine  Railway 


231 


found  useful  to  plot  characteristic  diagrams  of  draw-bar  or  net 
horse  powers,  such  as  are  represented  in  Figs.  19  and  20,  for  the 
locomotives  used  in  comparative  tests  upon  the  Ashburnham  grade. 
The  points  plotted  were  taken  from  data,  which  indicated  that 
the  train  was  being  neither  accelerated  nor  retarded  at  the  time. 

Due  to  various  causes,  among  which  may  be  mentioned  the 
piston  speed  and  economical  cut-off  for  the  individual  engines, 
differences  in  the  speed  at  maximum  horse  power  are  observed. 
A  comparison  with  Fig.  21,  plotted  for  a  wider  range  from  the 
work  of  Mr.  G.  R.  Henderson,  is  Interesting  as  exlilbltlng  the 
rationality  of  the  actual  data  obtained  In  the  comparative  tests. 

After  having  determined  the  actual  relative  hauling  capacities 
of  a  large  number  of  representative  locomotives  on  the  testing 
ground  selected,  the  freight  power  of  the  road  was  divided  Into 
12  classes  on  a  tonnage  rating  basis.  In  the  interpretation  of  the 
results  of  comparative  tests,  it  was  necessary  to  reduce  the  per- 
formance of  each  engine  to  the  normal  sizes  of  the  machine,  since 
the  effect  of  worm  cylinders  and  drivers  is  to  increase  the  tractive 
power  of  the  locomotive  within  its  limits  of  adhesion.  In  rating 
any  division  of  the  road  it  was  necessary  to  make  use  of  only  one 
or  two  locomotives,  whose  relation  to  the  other  groups  had  been 
established  in  the  comparative  trial,  and  to  Illustrate  this  a 
proportionate  diagram  of  net  tonnage  capacities  is  shown  for  a 
given  division  in  Fig.  22. 

The  results,  as  published  for  the  use  of  yardmasters  and  others 
concerned  In  the  making  up  of  trains,  are  shown  in  Table  3  and 
Table  4.  In  the  former,  the  tonnage  for  each  locomotive  class  is 
given  from  one  rating  change  point  to  another,  while  the  double- 
head  ratings  (Table  4)  are  shown  for  every  rating  change  division 
where  double-heading  is  practised.  Following  the  results  of  the 
tests  In  double-heading  on  the  Ashburnham  grade,  95  per  cent,  of 
the  combined  ratings  for  any  two  locomotives  was  used  in  each 
case. 

Finally,  it  was  desired  to  ascertain  as  nearly  as  possible  from 
actual  trials,  what  relation  existed  between  the  tonnage  hauled 
and  the  speed,  for  the  conditions  met  in  every  day  service.  This 
information  has  especial  application  to  that  part  of  the  line  where 
the  traffic  is  comparatively  heavy,  and  the  freight  movement  must 
be  fast  to  clear  the  passenger  trains. 

The  diagram  plotted  (Fig.  26)  was  taken  from  the  results  of 
several  runs  where  the  tonnage  was  gradually  reduced  each  time 
and  the  speed  increased  to  its  corresponding  maximum. 
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To  complete  the  information,  various  parts  of  the  several  rui 
were  investigated,  and  a  number  of  detail  trials  repeated  to  fundi 
the  data  for  the  diagram  given  in  Fig.  26,  covering  the  relatk 
of  tonnage  to  speed  for  the  conditions  indicated.  This  diagram 
for  general  use  in  piecing  out  a  schedule  over  a  line  comblnii 
a  variety  of  conditions  within  the  ordinary  range. 
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■AXIHUH  TONNAGE  RATIN6  FOR  TWO  LOCOWOTIYES  IN  DOUBLE  HEADINO. 

WORCCSTCR.   NASHUA  A.  PORTLAND  DIVISION. 
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A  meeting  of  the  Electrical  Section  was  held  November  15,  the 
President  in  the  chair.  The  following  iMLper  was  read  by  the 
author,  Mr.  M.  A.  Sammett: 

PAPBII  No.  24S. 

POLYPHASE  SYSTEMS  OF  GENERATION,  TRANSMISSION, 
AND  DISTRIBUTION. 

By  M.  A.  Sammett,  A.  M.  Can.  Soc.  C.  E. 

Every  electrical  development  possesses  some  typical  pecnliarities 
which  should  be  the  determining  factors  in  the  selection  of  the  fre- 
quency of  the  system  as  a  whole,  as  well  as  the  selection  of  the 
generating  and  distributing  systems  as  to  phases,  that  is,  whether 
it  should  be  two  or  three  phase. 

These  are  the  problems  with  which  we  will  concern  ourselves  in 
the  discussion  of  polyphase  systems,  with  a  transmission  line  of 
100  miles  or  less  and  pressures  up  to  and  including  &0,000  volts  at 
the  receiving  end.  While  the  paper  is  limited  to  these  two  con- 
siderations alone,  the  ground  to  be  covered  is  rather  wide,  re- 
quiring therefore  a  concise  treatment  of  various  characteristics. 

It  is  but  natural  that  a  system  with  a  railway  load  principally 
will  call  for  a  layout  which  will  not  answer  best  the  needs  of  a 
lighting  and  power  company,  and  a  development  where  the  power  is 
to  be  used  for  some  particular  application  may  again  call  for  a  lay- 
out differing  from  the  two  mentioned  above. 

Every  system  is,  therefore,  influenced  In  its  design  by  the  na- 
ture of  the  load,  and  while  a  purely  railway  system  will  prove  most 
economical  and  satisfactory  with  a  given  frequency,  and  two  phase 
synchronous  converters  at  the  substations,  lighting  and  power  com- 
panies will  require  a  different  frequency  and  a  strictly  three  phase 
system.  To  compare  the  advantages  of  the  three  phase  as  against 
the  two  phase  systems  and  of  the  two  principal  frequencies  is  the 
aim  of  this  paper. 

The  following  requirements  are  of  primal  importance: 

1.  Reliability  as  to  continuity  of  service. 

2.  Greatest  efficiency  as  a  whole. 

3.  Best  attainable  service  for  diverse  classes  of  load,  such  as 
incandescent  and  arc  lighting,  motor  service,  and  the  supply  of 
power  for  railway  purposes. 
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We  shall  take  up  first  the  question  of  phases. 

Whatever  the  generation  and  distribution,  the  transmission  of 
power  is  always  accomplished  by  three  phase.  This  arrangement 
allows  of  most  economical  transmission  of  power  with  a  given  drop 
in  the  line.  While  the  transmission  of  power  is  invariably  accom- 
plished by  three  phase,  the  generation  and  distribution  is  often  by 
two  phase. 

Modern  engineering  practice  shows,  however,  the  abandonment 
of  the  two  phase  generator  in  connection  with  hydro-electric  power 
houses,  where  power  is  to  be  transmitted  and  consequently  trans- 
formed from  two  to  three  phase.  The  common  belief  of  the  sim- 
plicity of  the  two  phase  generator  and  switchboard  is  more  imagin- 
ary than  real  and  came  about  as  a  result  of  clinging  to  the  more 
familiar  two  phase  generator  which  at  the  time  just  preceding  the 
era  of  generation  for  transmission  purposes  was  the  standard 
apparatus,  answering  best  the  needs  of  small  central  stations  with 
a  lighting  load,  the  amount  of  power  forming  a  very  small  propor- 
tion of  the  total  load. 

It  must  be  admitted  that  a  two  phase  system  for  distribution 
purposes  is  somewhat  simpler  to  operate  than  a  three  phase  systenL 
The  two  phases  may  be  controlled  independently  for  single  phase 
lighting  circuits  without  any  appreciable  efi[ect  of  one  phase  on  the 
other. 

In  the  case  of  motor  connections  on  two  phase  circuits,  all  that 
is  necessary  is  to  connect  the  two  transformers  with  the  primary 
coils  to  the  line,  and  the  secondary  coils  to  the  motor.  No  special 
attention  is  required  as  to  polarities  of  transformers.  The  impe- 
dance of  transformers  need  not  be  the  same  for  proper  division  of 
load,  as  is  essential  in  connections  of  three  phase  installations. 

It  was  this  at  first  sight  simplicity  which  appealed  to  the  engineer 
in  laying  out  the  first  hydro-electric  power  houses,  and  even  at  the 
present  time  some  engineers  persist  in  their  preference  for  the  two 
phase  generators,  and  at  the  receiving  end  go  through  another  trans- 
formation from  three  to  two  phase  in  order  to  supply  two  phase 
current  at  the  distributing  end. 

Let  us  take  up  the  generating  plant  first  and  see  which  of  the 
two  systems,  three  or  two  phase,  is  more  efficient  as  well  as  more 
economical. 

Power  House:  It  is  pretty  well  known  that  for  a  given  capac- 
ity, speed,  and  voltage,  at  a  given  frequency,  the  three  phase  gener- 
ator will  prove  the  more  efficient  machine.  Manufacturers  stand- 
ardizing apparatus  use  the  same  frames  and  punchlngs  for  the  two 
different  types.    This  enables  the  manufacturer  to  turn  out  a  better 
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tliree  phase  generator  as  to  efficiency  and  heating,  retaining  the 
same  core  loss.  Should  he,  however,  select  to  keep  the  same  density 
in  the  copper  of  the  three  phase  as  in  the  two  phase  machine,  he 
will  be  in  a  position  to  reduce  the  magnetic  flux  by  virtue  of  the 
larger  number  of  turns  that  can  be  accommodated  in  the  same  slots, 
and  thus  considerably  reduce  the  core  loss.  Inasmuch  as  the  core 
loss  in  machines  of  large  capacity  is  considerably  greater  than  the 
copper  loss,  this  will  result  in  a  material  increase  in  the  efficiency 
of  the  generator. 

Switchboabd:  Taking  up  next  the  switchboard,  we  will  find 
that  the  only  advantage  the  two  phase  board  has  in  comparison  with 
the  three  phase,  is  the  saving  of  one  ammeter.  It  is  standard  prac- 
tice to  use  an  ammeter  in  each  leg,  therefore  the  three  phase  board 
will  require  three  ammeters.  It  is  also  maintained  that  the  figuring 
of  the  K.  V.  A.  load  from  the  instruments  is  a  more  difficult  matter 
with  a  three  phase  than  with  a  two  phase  installation,  as  no  factor 
is  used  in  the  latter  case  in  computing  the  apparent  k.  w.  of  the 
station's  output.  The  above  objections  have  very  little  weight  when 
compared  with  the  advantages  of  a  three  phase  board. 

All  busbars,  oil  switch  contacts  and  switch  compartments,  all 
cables  from  generators  to  switchboard  and  from  the  board  to  the 
transformers  are  reduced  in  the  ratio  of  4:3,  and  while  15.6%  larger 
cross-section  of  copper  is  required  in  the  instance  of  the  three 
phase  installation,  maintaining  the  same  current  density,  the  25% 
saving  in  the  number  of  individual  parts  necessary  for  the  installa- 
tion will  be  in  favour  of  the  three  phase  board. 

TRAifSFOBMERs:  The  use  of  two  transformers  for  a  given  load 
allows  a  greater  individual  transformer  capacity,  and  therefore  a 
more  efficient  transformer.  This  would  have  been  a  decided  ad- 
vantage, favouring  the  two  phase  system,  were  it  not  for  the  fact 
that  the  transmission  of  power  is  to  be  by  three  phase.  To  accom- 
plish this  phase  transformation  by  the  well-known  Scott  connec- 
tions, unless  all  transformers  are  provided  with  a  heavier  high  ten- 
sion- winding,  the  transformer  capacity  would  of  necessity  be  re- 
duced, due  to  a  higher  current  in  th6  three  phase  winding,  namely 
that  of  115.6%  of  the  normal  current.  Should,  however,  the  trans- 
formers be  designed  with  provision  made  for  this  higher  current,  it 
would  necessitate  larger  transformers,  or  in  other  words,  a  more 
expensive  installation.  Beside  this  increased  transformer  capacity, 
another  disadvantage  must  be  added,  ^hat  of  a  possible  resonance 
with  T  connected  transformers  for  two-phase-three-phase  trans- 
formers. Whenever  one  of  the  phases  is  open,  due  to>  a  failure  of 
making  proper  contact  of  various  switches  or  any  of  the  auxiliary 
connections,  the  high  reactance  of  the  high  voltage  transformer  will 
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get  in  series  with  the  capacity  of  the  transmission  line  and  a  re- 
sonance is  likely  to  take  place  with  the  consequent  disastrous 
results. 

We  have  shown  the  advantages  of  using  a  three  phase  generator. 
This  advantage  is  further  augmented  by  the  possibility  of  using 
transformer  connections  with  which  the  danger  of  resonance  is 
eliminated.  Of  the  transformer  connections  in  vogue,  there  are  two 
which  are  free  from  the  danger  of  resonance,  namely  ^  to/\  for 
step-up  and  A  *»  A  '^^  step-down,  or  A  t^  Y  and  Y  to  A.  Neither 
of  these  two  has  the  objectibnable  characteristic  of  resonance,  and 
while  the  A  to  Y  and  Y  to  A  *s  selected  for  transmissions  where 
highest  voltages  are  made  use  of,  it  is  the  ^  to  A  *^^  A  *®  A 
which  gives  the  most  reliable  service.  With  the  latter  style  of  con- 
nections, should  one  of  the  transformers  fail,  as  soon  as  this  trans- 
former is  cut  out,  the  service  may  be  restored.  This  latter  connec- 
tion, namely  A  ^^  A  *"^d  A  ^  A  wWch  insures  both  continuity 
of  service  and  freedom  from  resonance,  is  introduced  now  on  one 
of  the  60,000  volt  transmission  lines  and  is  destined  to  become  the 
standard,  inasmuch  as  high  tension  transformers  of  60,000  volts  as 
well  as  the  insulators,  especially  if  the  latter  are  carefully  selected 
and  tested,  have  the  requisite  factor  of  safety,  making  the  resort  to 
the  Y  connections,  at  a  sacrifice  of  continuity  of  service,  unneces- 
sary. 

Distributing  System  :  The  considerations  which  held  true  in 
the  discussion  of  the  transmission  line,  will  also  hold  true  in  the 
distributing  system.  The  three  phase  delta  connections  should  be 
made  use  of,  since  on  motor  service  a  complete  shut-down  due  to  a 
failure  of  one  transformer  must  be  carefully  guarded  against. 
Again,  the  three  wire  three  phase  distribution  will  result  In  a 
saving  of  25%  of  copper  and  insulators.  It  will  reduce  the  mainte- 
nance expense  by  the  same  percentage. 

The  advantages  thus  enumerated  show  clearly  the  desirability  ot 
three  phase  distribution  from  the  purely  commercial  standpoint  and 
still  more  so  from  the  point  of  view  of  reliability  and  permanency 
of  supply.  Some  engineers  object  to  the  three  phase  distribution 
on  the  ground  of  the  difficulty  of  balancing  loads.  This  objection 
must  not  be  given  much  importance.  With  the  mixed  load  of 
lighting  and  power,  the  power  load  has  an  equalizing  tendency  on 
the  balancing  of  the  system  and  with  some  attention  given  to  the 
proper  division  of  the  connected  lighting  load,  no  difficulty  will  be 
encountered. 

The  station  records  should  be  carefully  watched,  and  oocasional 
re-adjustment  of  the  load,  based  on  station  records  as  well  as  tests 
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of  Individual  installations,  will  permit  of  as  careful  a  balance  as 
one  may  desire. 

Record  of  Ampebes  pes  Phase  on  a  Three  Phase  Circuit. 


Time. 

A 

B 

C 

12  Midnight 

20 

25 

25 

1  A.  1£. 

25 

25 

25 

2  •• 

5 

5 

5 

3  " 

10 

10 

18 

4  " 

5 

10 

18 

5  " 

10 

10 

10 

6  *' 

10 

10 

10 

7  " 

25 

25 

25 

8  • 

95 

93 

95 

9  '* 

92 

90 

90 

10  " 

93 

93 

93 

11  " 

97 

97 

97 

12  Noon 

87 

87 

87 

1  p.  M. 

75 

70 

75 

2  " 

90 

87 

90 

3  " 

92 

92 

92 

4  " 

75 

75 

75 

5  •• 

105 

100 

95 

6  " 

125 

130 

120 

7  •• 

40 

40 

35 

8  " 

55 

55 

50 

9  " 

50 

45 

45 

10  *' 

40 

40 

40 

11  " 

40 

40 

40 

12  " 

12 

12 

15 

i 


It  is  imperative  for  the  success  of  any  central  station  to  build  up 
a  good  load  and  to  broaden  out  the  peak.  This  means  to  secure  a 
considerable  motor  load.  Let  us  see,  therefore,  what  are  the  relative 
advantages  comparing  two  and  three  phase  motors.  The  induction 
motor  is  the  one  upon  which  to  base  our  comparison,  as  it  is  the 
motor  in  general  use. 

While  the  characteristic  which  affects  the  central  station  is  that 
of  power  factor,  the  power  being  sold  by  the  energy  input,  we  must 
not  confine  our  comparison  to  this  point  alone,  but  having  in  mind 
the  good  derived  by  the  motor  user  in  securing  a  better  motor,  we 
will  discuss  the  relative  merits  of  the  two  phase  and  three  phase 
motors  in  a  general  way. 

The  comparison  can  best  be  made  from  a  summary  of  a  conven- 
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[on  paper  by  Mr.  Bradley  McCormick  read  recently  before  the 
imerican  Institute  of  Electrical  Engineers.  Given  two  similar 
rames  without  windings,  how  shall  the  two  phase  and  three  phase 
bindings  differ  in  order  to  secure  proper  operation?  What  will  be 
be  comparative  losses  if  the  two  machines  are  given  the  same 
atlng? 

1.  A  two  phase  machine  should  have  22%  more  conductors  per 
lot  than  the  corresponding  three  phase  Y  connected  machine,  de- 
igned for  the  same  voltage  and  flux  per  pole. 

2.  The  magnetizing  current,  is  the  same  in  both  the  two  and 
hree  phase  machines  when  expressed  in  percentage  of  the  current, 
rhich  corresponds  to  the  full  load  output 

3.  The  copper  loss  of  the  two  phase  machine  is  12%  higher  than 
hat  of  the  three  phase. 

4.  The  leakage  factor  of  the  two  phase  machine  averages  25% 
Teater  than  that  of  a  three  phase  machine,  therefore  the  power 
actor  is  lower. 

Actual  results  show  from  1  to  3%  lower  power  factors. 

These  considerations  show  that  the  two  phase  machine  will  have 
.  higher  temperature  rise  as  a  result  of  a  higher  copper  loss.  For 
he  same  reason  the  efficiency  of  the  two  phase  motor  will  be  lower. 
[*he  slip  of  the  two  phase  machine  will  also  be  greater.  Tests  and 
heoretical  calculations  show  20%  greater  slip. 

Thus  we  see  that  the  two  phase  induction  motor  is  a  poorer 
dotor  for  the  central  station  company,  due  to  a  poorer  power  factor. 
t  is  also  less  advantageous  to  the  power  user,  as  a  smaller  effl- 
iency  means  a  larger  motor  input  for  a  given  output.  The  higher 
emperature  rise  will  result  in  a  shorter  life  and  larger  slip  will 
Qean  a  greater  fluctuation  between  synchronous,  partial,  and  full 
>ad  speeds. 

While  the  three  phase  service  should  be  made  standard,  two 
hase  motors  may  be  used  by  the  aid  of  three-phase-two-phas6 
ranBformers.  This,  however,  should  be  discouraged,  as  such 
ransformers  require  special  taps,  which  make  them  more  expen- 
Ive,  especially  so  when  core  type  transformers  are  used.  It  also 
leans  the  carrying  of  a  stock  of  these  special  transformers 
s  spare  units.  The  above  consideration  as  well  as  the  larger  cap- 
icity  of  transformers  required  in  cases  of  phase  transformation 
lakes  the  two  phase  motor  objectionable  and  its  use  should  be 
iscouraged. 

This  will  conclude  the  remarks  as  to  the  advantages  of  a  three 
hase  as  compared  with  a  two  phase  system. 

We  will  take  up  now  the  discussion  under  the  heading  of  fre- 
aency. 
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Fbequency:  The  frequencies  most  widely  used  on  this  continent 
are  those  of  60  and  25  cycles.  While  other  frequencies  are  made 
ase  of  these  are  the  predominating  ones.  Let  us,  therefore,  analyze 
them  with  a  view  of  determining  their  adaptability  for  such  develop- 
ments as  are  under  discussion  in  our  paper.  We  shall  make  our 
analysis  not  from  the  transmission  point  of  view  alone,  but  analyze 
the  generating  and  distributing  systems  as  well. 

As  far  as  the  transmission  line  is  concerned,  the  lower  the  fre- 
quency, the  less  the  inductive  drop,  the  smaller  the  charging  cur- 
rent and  the  better  the  regulation.  It  is  a  foregone  conclusion  that 
as  a  purely  transmission  problem  we  will  have  to  adopt  the  25  cycle 
frequency.  Our  problem,  however,  is  more  complicated.  The  trans- 
mission line  is  only  a  chain  in  the  link,  and  important  as  it  is,  it 
should  not  overrule  the  advantages  of  a  higher  frequency  as  applied 
to  the  distributing  end  of  the  system.  In  our  composite  problem 
the  various  advantages  and  disadvantages  should  be  carefully 
weighed  and  the  selectioii  made  on  the  merits  of  advantages  of  the 
entire  system  taken  in  its  totality. 

Power  House:  The  table  of  speeds  of  generators  at  60  and  25 
cycles  shows  a  wider  range  of  speeds,  hence  a  greater  flexibility 
when  laying  out  a  60  cycle  hydro-electric  power  house. 

R,  P.  M.  25  cycles  300  250  214  187  166  150. 

R.  P.  M.  60  cycles  327-300-277    256-240-225   212-200   190-180   172-164 

156-150. 

The  speeds  of  turbine-generator  units  are  limited  by  the  number 
of  whBels,  type,  head,  and  output.  Therefore  a  wider  range  of 
speeds  permissible  with  a  60  cycle  system  will  enable  the  selection 
of  the  most  efficient  generator-wheel  combination.  Inasmuch  as  m- 
creased  peripheral  velocities  will  result  in  a  decrease  in  active  ma- 
terial, the  selection  of  higher  speeds  will  enable  us  to  choose  cheaper 
bydro-electric  sets.  The  above  conclusions  hold  true  except  when 
higher  speeds  call  for  special  construction,  which  will  rapidly  in- 
crease the  cost. 

Switchboabd:  The  switchboard  under  the  two  frequencies  is 
unaffected.  All  meters,  potential  and-  current  transformers  are 
designed  for  satisfactory  operation  on  frequencies  from  25  to  125  cy- 
cles. In  our  comparison  of  60  and  25  cycles  it  may  be  said  that 
while  the  temperatures  of  the  switchboard  shunt  transformers  will 
be  less  at  60  cycles,  the  series  transformers  will  operate  at  higher 
temperatures,  due  to  a  higher  iron  loss.  The  temperatures,  how- 
ever, will  be  well  within  the  margin  of  permissible  safe  operation. 

Transfobmers:  Transformers  built  for  25  cycles  are  a  much 
more  expensive  piece  of  apparatus  as  well  as  less  efficient  than  when 


246 


Sammctt  on  Polyphase  Systems  of 


y 

1 


built  for  60  cycles.  Considering  that  there  is  with  a  generation, 
transmission,  and  contribution  of  power  a  total  transformer  capacity 
equivalent  to  from  3  to  4  times  the  capacity  of  the  generating  ap- 
paratus, one  will  readily  see  the  advantage  of  a  higher  frequency. 
This,  however,  must  not  be  done  at  a  sacrifice  of  other  considera- 
tions, such  as  excessive  charging  current  in  transmission  or  ex- 


tremely poor  regulation.  We  shall  come  to  the  questions  of  charg- 
ing current  and  regulation  later  on  and  now  will  take  up  the  con- 
sideration of  frequency  and  endeavour  to  determine  the  best  fre- 
quency with  loads  such  as  we  are  to  handle,  that  is: 
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1.  Incandescent  lighting. 

2.  Arc  lighting. 

3.  Power  service  by  induction  motors. 

4.  Railway  load. 

Lighting:     With  incandescent  lighting  while   30  cycles  is  the 
limiting  frequency,  40  cycles  is  unsatisfactory  when  moving  objects 
are  viewed  by  it.    On  this  continent  60  cycles  is  the  standard  fre- 
quency for  such  a  service,  while  50  cycles  is  European  practice. 
For  arc  lighting  40  cycles  is  the  limiting  frequency.     Lower  fre- 
quencies  are    made    use    of    in    the    application    of   the    recently 
developed  mercury  vapour  converter  and  magnetite  lamps.     This 
new  system,  however,  will  probably  have  to  go  through  a  process 
of    further    experimenting.     The    conservative    investor    will    still 
select  the  higher  frequency  series  alternating  enclosed  arc  lamps. 
Induction    Motors:      Analyzed    from    the    standpoint    of    fre- 
quency, induction  motors  show  characteristics  which  make  it  diffi- 
cult to  decide  as  to  the  best  motor.    Both  motors  under  careful  de- 
sign can  be  made  of  equal  performance  as  to  power  factor,  effi- 
ciency, etc.    But  the  motors  will  be  of  radically  different  designs. 
From  the  commercial  standpoint  the  60  cycle  motors  have  a  de- 
cided advantage,  namely,  a  somewhat  higher  speed.    Speed  and  cost 
are  inversely  proportional,  hence  the  60  cycle  motor  will  prove  the 
cheaper  of  the  two.  Another  point  which  favours  the  60  cycle  motor 
is  the  greater  demand  for  it,  and  the  manufacturing  companies  have 
developed  a  finer  design  of  this  frequency.    As  a  rule  lower  fre- 
quency  motors   are  adaptations  to  standard   60  cycle   frames  and 
punchings,  hence  their  performance  does  not  show  characteristics 
of  the  same  high  standard.    Of  course  the  low  frequency  motors 
have    advantages    of   their   own,    such    as    better    starting   torque, 
higher    instantaneous    but    not    continuous    overload    capacity    and 
lower   speeds.    As   stated   before,   unless   the   motors   of  the  lower 
frequency  are  standardized  for  best  and  most  efficient  design  the 
high  frequency  motors  are  more  satisfactory. 

The  principal  factors  in  favour  of  the  60  cycle  motors  are  better 
continuous  overload  capacity  and  also  a  cheaper  product  commer- 
cially as  a  result  of  higher  speeds.  Therefore,  with  equally  good 
performance  as  to  efficiency  and  heating,  the  60  cycle  motor  will 
still  be  ahead  of  the  25  cycle  motor. 
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Railway  Load:  The  suitability  of  low  frequency  synchronous, 
converters  for  railway  work  is  a  well  established  fact.  While  60 
cycle  synchronous  converters  are  used  for  such  purposes,  they  are- 
rather  an  exception  and  their  operation  is  less  satisfactory.  What, 
should  then,  under  the  circumstances,  be  a  desirable  way  of  sup- 
plying street  railway  loads  without  resort  to  frequency  changers? 
The  latter  are  out  of  the  question,  due  to  excessive  cost,  beside  ^he- 
great  reduction  in  the  efficiency  of  the  systems,  resultant  from  their 
use. 

Motor  generator  sets  may  be  and  are  advantageously  used  in  this 
connection,  and  while  not  possessing  the  advantages  of  25  ;cycle 
synchronous  converters,  have  features  which  make  them  particu- 
larly suitable  for  use  on  long  distance  transmission  systems,  per- 
mitting of  a  partial  or  complete  control  of  the  power  factor  of  the 
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system,  depending  as  to  whether  induction  motors  or  synchronous 
motor  sets  are  used. 

Wherever  large  capacity  is  present,  due  to  long  transmission 
lines,  induction  motor  generator  sets  of  large  size  can  be  used  to 
great  advantage.  For  perfect  control  of  the  power  factor  of  the 
transmitted  power,  synchronous  motors  should  be  employed,  as  in 
this  case  the  regulating  of  the  field  excitation  allows  of  a  close  con- 
trol of  the  power  factor  of  the  transmitted  energy,  allowing  the 
maximum  energy  for  a  given  current,  and  under  certain  conditions 
win  permit  of  carrying  the  load  at  unity  power  factor  in  the  gen- 
erating and  transforming  apparatus  and  transmission  line. 


M 


250 


Sammett  on  Polyphase  Systems  of 


J  ^' 


While  the  synchronous  converter  is  the  most  efficient  of  the  three 
means  of  supplying  railway  loads,  whenever  this  load  constitutes 
only  the  minor  portion  of  the  total  output  of  the  plant,  the  interests 
of  the  lighting  and  power  load  cannot  be  sacrificed  for  a  most  effi- 
cient conversion  of  the  alternating  current  to  direct  current  for 
railway  purposes. 

In  our  discussion  of  frequency  we  may  conclude  that  (or  a 
mixed  load  of  lighting  and  power  with  a  railway  load  not  exceeding 
one-third  of  the  total  power  generated,  CO  cycles  will  be  the  fre- 
quency to  select. 

We  are  to  take  up  now  two  more  questions.  These  are  charging 
current  and  the  regulation  of  the  line.  The  above  factors  under  ad- 
verse conditions  will  limit  certain  developments,  making  them  im- 
possible, commercially  considered,  at  GO  cycles.  The  same  develop- 
ment at  25  cycles  may  present  a  very  attractive  proposition  using 
power  for  a  different  application. 

Let  us  see  how  the  two  frequencies  affect  our  case.  What  will 
be  the  relative  magnitude  of  the  charging  current  and  regulation? 

Line  100  miles  long. 

Load  10,000  H.  P.  for  each  transmission  circuit 

(Conductor  4/0. 

Voltage  at  receiving  end  50,000. 

Space  between  conductors  60" 

Charging  current  at  60  cycies  =  23  amps. 

Charging  current  at  25  cycles  =  9.6  amps. 

Regulation  60  cycles. 

100%  P.  F.  full  load  9.0% 

80%  P.  F.  full  load  current  23.0% 
(Step  up  and  step  down  transformers  included  in  this  calculation.) 

Regulation  25  cycles  (Including  transformer). 
100%  P.  F.  full  load  5.5% 

80%  P.  F.  full  load  current  10% 

The  regulation  and  capacity  or  charging  current  are  decidedly  in 
favor  of  the  25  cycle  transmission.  The  results  for  the  60  cycle  sys- 
tem, while  considerably  in  excess  of  those  at  25  cycles,  are  consid- 
ered quite  normal  for  commercial  purposes  and  inasmuch  as  the  in- 
crease and  decrease  in  the  load  is  gradual  the  regulation  is  well 
within  control  of  the  central  station  operators  or  automatic  devices. 

As  to  the  railway  load,  this  had  better  be  carried  on  a  separate 
circuit,  whenever  a  multiplicity  of  circuits  is  used  in  transmitting 
the  power.     In  our  case  there  are  three  transmission  circuits. 

Considering  the  successful  operation  of  one  of  the  long  distance 
transmission  lines  of  150  miles  in  California  where  the  charging 
current  forms  40%  of  full  load  current,  and  where  the  regulation  is 
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40%  at  full  load,  80%  power  factor,  we  need  not  hesitate  to  operate 
oar  line  with  a  regulation  of  23%,  80%  power  factor. 

The  power  factor  of  the  system,  however,  is  to  a  large  e^t^nt 
vithln  the  control  of  the  operating  company,  as  it  may  recommend 
to  power  users  such  apparatus  as  will  best  answer  the  purposes  of 
the  system  as  a  whole.  Beside  this,  by  employing  synchronous  mo- 
tors running  as  rotary  condensers,  it  will  be  enabled  to  regulate  the 
power  factor  of  the  system  and  keep  it  if  necessary  at  unity.  These 
flynchronons  motors  running  idle,  used  supplementary  to  the  syn- 
chronous motor  generator  sets,  will  allow  of  a  perfect  control  of  the 
power  factor  of  the  system,  reducing  the  regulation  to  9%  under 
full  load  condition. 

In  conclusion,  we  will  say,  that  under  the  conditions  as  stated, 
for  a  mixed  lighting  and  power  load,  with  a  railway  load  not  ex- 
ceeding 33%  of  the  total  output,  a  3  phase  60  cycle  system  should 
be  employed  throughout  and  all  transformation  should  be  accom- 
plished by  ^  to  ^  connections. 
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DISCUSSION. 

President  Walbank  called  on  Professor  Herdt  to  open  the 
discussion  of  Mr.  Sammett's  paper. 

Mr.Herdi.  Pbof.    L.    A.    Hebdt    (A.  M.  Can.  Soc.  C.  E,)--Mr.    Sammett    has 

clearly  brought  out  in  this  paper  the  difference  existing  between 
the  two-phase  and  the  three-phase  systems.  The  three-phase 
system  is  used  now  for  power  transmission  almost  exclusively,  the 
two-phase  system  having  advantages  only  when  electric  power  la 
distributed  for  lighting.  The  general  fault  of  power  transmission, 
it  appears,  is  the  lack  of  proper  appreciation  of  the  advantage 
to  be  obtained  from  close  regulation.  Some  engineers  are  willing 
to  take  all  sorts  of  chances  in  the  matter  of  voltage  regulation  os 
lines.  To  apply  the  limit  of  line  voltage,  and  then  allow  the 
voltage  to  rise  and  fall  through  wide  limits  with  variations  in  th< 
amount  and  character  of  load,  should  not  be  encouraged.  Mr 
Sammett  gives  the  regulation  of  a  transmission  line,  100  milei 
long,  w:ith  full  load  current,  80%  P.F.,  operating  at  60  cycles  at 
23%,  the  same  line  operating  at  25  cycles  would  have  a  regulatioi 
of  10%  only.  Mr.  Sammett  considers  the  result  for  the  60  cycli 
operation  quite  normal.  Is  this  not  rather  excessive,  and  wouli 
not  the  regulation  of  such  a  line,  say  at  60%  P.F.,  be  abnormall: 
low?  Transmitting  at  25  cycles  and  using  frequency  changers  fo 
60  would  possibly  be  the  better  plan. 

Mrsammoti  Mb.  M.  A.  Sammett  (A.  M.  Can.  Soc.  C.  E.)— It  does  not  seem  ths 

23%  regulation  is  too  much.  Variation  of  load  comes  graduall; 
and  can  be  taken  care  of.  The  California  line,  150  miles  lonj 
referred  to  in  my  paper,  has  a  regulation  of  40%  at  80%  P.i 
Compensating  devices  are  used  to  take  care  of  changes  in  loac 
as  well  as  power  factor  variations,  and  the  results  are  very  satis 
factory.  It  must  be  said,  however,  that  while  theoretically  th 
regulation  varies  from  9.0%  at  full  load,  100%  P.F.  to  23.0%  f 
80%  load,  80%  P.P.,  under  commercial  conditions,  with  a  mixe 
load  and  a  large  system  such  as  is  under  consideration,  no  sue 
radically  different  conditions  arise.  Reference  to  curve  "P.P.  an 
Load"  gives  an  idea  as  to  the  commercial  variation  of  either  P.l 
or  load  of  a  mixed  system.  The  curve  is  typical  of  com'.ierci! 
conditions  and  shows  the  variations  gradual,  hence  easy  of  CDntrc 
The  statement  is  made  at  the  end  of  this  paper  that  all  tran 
formation  should  be  accomplished  by  transformers  connected  ^ 
to  ^  .  Both  schemes  of  three-phase  connection,  namely,  the  St 
or  Y  connection    and    the  a  or    triangle    connection,  can  be  us< 
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equally  well  in  the  majority  of  cases.  In  practice  both  are  used,  Mr.saininett 
and  there  are  cases  when  one  or  the  other  kind  of  connection  is 
preferable.  For  example,  if  the  potential  of  the  line  is  fixed,  each 
of  the  transformers,  if  connected  in  Y,  must  be  wound  for  58%  of 
the  line  voltage,  that  is,  the  number  of  turns  are  about  58%  of  that 
required  for  A  connection.  The  greater  number  of  turns  in  the 
winding  of  the  /\  connected  transformer  calls  for  a  larger  and  more 
expensive  transformer. 
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Mr.  R.  S.  Kelsch  (M.  Can.  Soc.  C.  E.)— Delta  to  delta  connection  Mr.  Keuci 
transformers  have  many  advantages  in  distributing  systems.  The 
power  user  is  sure  of  having  power  all  the  time.  The  system  can 
operate  as  well  with  two  transformers  as  with  three,  whilst  with 
the  Y  connection  the  three  transformers  are  necessary,  and  it  must 
take  a  long  time  to  take  out  a  defective  transformer  and  replace 
it  with  another.  In  regard  to  regulation  there  is  no  need 
of  alarm  in  operating  with  23%  regulation.  In  large  systems 
variations  of  load  are  not  sudden,  not  more  than  5%  or  10%  of 
the  load  varying  at  any  one  time. 

Mb.    R.   a.    Ross,   E.E,    (M.  Can.  Soc.  C.  E.)— There   Is   but   little    Mr  Ro.. 
criticlszn  to  make  on  this  paper.    With  reference  to  the  frequency. 
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Mr.  Balfour. 


Mr.  Bobertaon. 


I  should  like  to  see  40  cycles  used  in  place  of  the  60.  Forty  cycle 
is  suitable  for  every  purpose,  giving  at  the  same  time  fair  regula 
Uon.  Arc  lighting  at  40  cycles  is  good  with  clear  globes,  wltl 
ground  globes  the  flickering  is  slightly  apparent  on  the  globes 
at  25  cycles  the  lighting  is  intolerable,  the  flickering  showing  oi 
the  ground  and  on  surrounding  objects.  This  is  true  of  both  kind 
of  globes.  As  to  the  method  of  connecting  transformers,  we  hav 
almost  always  used  the  /s^  connection,  chiefly  for  the  advantage  i 
gives  in  continuity  of  supply,  the  saving  in  cost  of  transformer 
with  the  Y  connection  not  being  sufficient  to  overcome  thi 
advantage. 

Is  there  really  a  reduction  of  strain  in  Y  connection?  It  1 
maximum  strains  against  which  apparatus  must  be  insulated,  an 
thdi  opening  of  the  circuit  in  a  Y  connector  imposes  a  conditio) 
when  the  strains  are  greater  than  in  the    \  connector. 

The  question  of  grounding  or  not  grounding  the  neutral  o 
transformers  is  of  great  importance.  With  the  Star  connecte 
group  of  transformers  with  the  neutral  of  the  primary  and  of  th 
secondary  grounded,  the  strain  from  any  line  wire  to  ground  1 
limited  to  58%  of  full  line  voltage,  and  for  any  ground  in  any  Urn 
or  a  break  down  in  a  transformer,  a  short  circuit  will  take  plac 
and  open  up  the  circuit  breakers  or  the  fuses,  thus  removing  th 
danger. 

Mb.  R.  H.  Balfour  (A.  M.  Can.  Soc.  C.  E.) — ^In  a  two-phase  ci 
cuit  with  two-phase  distribution,  a  break  down  in  a  transformc 
means  considerable  delay  in  replacing  the  defective  transforme 
In  three-phase  /N,  to  A  connected  transformers  two  transformei 
out  of  the  three  can  probably  in  all  cases  take  care  of  the  who) 
load,  if  not.  the  load  can  be  reduced  somewhat  until  the  defectii 
transformer  is  replaced. 

Mr,  J.  McC.  Robertson  (A.  M.  Can.  Soc.  C.  E.)— The  paper  in 
general  way  expresses  my  own  opinion  in  the  matter  of  connectir 
up  transformers.  Referring  to  the  statement  made  in  the  pap< 
of  using  synchronous  motors  as  condensers  in  long  distan< 
transmission  system,  my  experience  has  shown  that  it  givi 
perfect  control  of  the  P.P.  of  the  system  and  allows  very  cloi 
regulation  of  the  line. 

Reference  is  made  in  Mr.  Sammett's  paper  to  the  balancli 
of  two  and  three-phase  systems.  It  appears  as  if  it  should  1 
easier  to  balance  a  three-phase  system  than  a  two-phase  on 
The  chance  of  overloading  one  phase  of  the  three  phases  is  w 
as  great  as  that  of  overloading  one  phase  of  the  two-phase  systei 
In  my  experience  of  central  station  operation  very  little  change 
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-equired  at  any  time  to  balance  a  three-phase  load,  whilst  formerly  Mr.  Baifour 
n  operating  a  two-phase  system  it  was  found  necessary  at  times 
:o  make  changes  between  the  two  phases  in  order  to  better  divide 
)ft  the  load.  As  for  line  regulation  being  affected  by  the  P.P.  of 
he  system,  it  is  my  experience  that  the  P.P.  of  a  system  remains 
>ractically  constant  from  day  to  day  and  from  year  to  year.  The 
iverage  P.P.  in  a  large  system  will  be  found  to  be  about  85%,  and 
ibex^hange  below  and  above  is  very  small. 

Mr.  Kelsch  in  his  remarks  has  brought  out  one  of  the  advantages  Mr.Herdt 
of  the  ^  connection  of  transformers.  The  burning  out  of  the 
fuses  on  one  transformer,  due  to  a  transformer  break  down  or 
from  some  other  cause,  does  not  involve  cut  out  of  supply,  whilst 
it  is  true  that  a  Y  connection  of  three  transformers  throws  the 
whole  bank  out  of  service  on  a  break  down.  If  one  is  disabled 
the  shut  down  in  any  event  is  only  for  a  short  time,  whilst  in  a 
/\  connection  the  two  transformers  kept  in  service  may  be  over- 
loaded without  notice  being  taken  of  this  condition,  and  damage 
to  the  whole  outfit  may  possibly  result. 

In .  connection  with  what  Professor  Herdt  has  .just  said  regard-  Mr  stmmeit. 
ing  the  overloading  of  the  transformers,  it  is  our  practice  to  call 
for  transformers  with  a  full  load  rise  of  temperature  not  to  exceed 
30°C.  They  can  be  run  at  60%  overload  with  only  50*  rise.  These 
transformers  could,  therefore,  safely  carry  the  overload  thrown 
on  them  until  such  time  as  the  third  transformer  is  replaced. 
These  requirements  of  temperature  apply  to  the  step-up  and  step- 
down  transformers  of  the  transmission  line.  In  the  distributing 
system  a  defection  transformer  will  reduce  the  capacity  of  the 
transformer  installation,  inasmuch  as  small  service  transformers 
are  not  capable  of  carrying  heavy  overloads. 

In  commercial  use  transformers  when  A,  connected  are  not  fused 
independently,  nor  are  they  fused  on  both  primary  and  secondary 
sides.  The  three  units  are  joined  for  /\,  connections  on  the  high 
and  low  tension  winding  and  only  three  primary  fuses  used. 
Hence,  whenever  a  transformer  develops  some  fault  the  entire 
group  is  disabled  until  the  defective  unit  is  cut  out.  Under  the 
circumstances  no  oversight  as  to  the  shortage  of  transformer 
capacity  Is  likely  to  occur,  and  the  two  remaining  transformers 
need  not  be  overloaded,  unless  the  operating  company  consents 
to  carry  full  load. 

There  is  one  point  that  has  been  omitted  in  this  discussion  of    Mr.  Herdr. 
the    relative   merits   of  A  ^^^    S^^"*   connections   of   transformers. 
The  common    connections    of    transformers    Joined  on   Y  can  be 
grounded,  and  then  the  potential  between  the   windings  and  the 
coil  is  limited  to  58%  of  that  of  the  line.    This  is  important. 
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Mr.  P«*»>«JJJ°-  Mr.  E.  p.  Fetherstonhaugh  (S.  Can.  Soc.  C.  E.)— Reference  Is 
*"'  ■  made  in  Mr.  Samnoiett's  paper  to  the  adyisabllity  of  supplying 
street  railway  load  without  resort  to  frequency  changers.  These, 
it  is  stated,  are  out  of  the  question,  due  to  excessive  cost.  What 
type  of  frequency  changers  are  meant?  Motor  generator  or  induc- 
tion motors,  with  the  secondary  driven  backward  or  above  double 
synchronism? 

Mr.  sammett.  The  frequency  changers  referred  to  in  my  paper  are  synchronous 

motors  driving  A.C.  generators.  By  this  means  the  60  cycle  cur- 
rent can  be  changed  to  25  cycle,  and  the  more  suitable  current  of 
lower  frequency  supplied  to  various  sub-station  rotary  converters. 
This,  however,  as  stated,  is  not  commercial,  and  the  synchronous 
motor-direct  current  generator  or  induction  motor-direct  current 
generator  sets  are  more  advantageous  to  supply  the  street  railway 
demand. 

Mr.  waibank.  mr.  McLea  Walbank  (M.  Can.  Soc.  C.  E.)— It  seems  agreed  that 

A  to  A  transformers  are  quite  suitable  and  probably  give  the  least 
trouble.  Our  thanks  are  due  to  Mr.  Sammett  for  his  interesting 
paper. 


MINING  SECTION. 

President — J.  B.  Porter. 
Vice-President— J.  E.  Hardman. 

A  meeting  of  the  Mining  Section  was  held  Thursday,  November 
29,  1906.  An  illustrated  lecture  was  delivered  by  Dr.  J.  B.  Porter 
on  the  "Mineral  Resources,  Mines,  and  Furnaces  of  the  Boundary 
District,  B.  C." 

This  paper  will  appear  in  the  Transactions  for  1907. 


GENERAL  SECTION. 

President— W.  F.  Tye. 
Vlce-PreBident—J.  G.  G.  Kes&t. 

A  meeting  of  the  General  Section  was  held  December  13,  the 
President  in  the  chair.  The  following  paper,  by  Mr.  Young,  was 
read: 

PAPBR  NOk  249. 

THE  DISTRIBUTION  OF  STRESS  IN  RIVETTBD 
CONNECTIONS. 
By  C.  R.  Young,  S.  Can.  Soc.  C.  E. 

PBEYAILINO    CONCEPTIONS    OF    STRESS-DISTRIBUTION. 

The  inequality  of  distribution  of  stress  among  the  rivets  of  a 
rlvetted  connection  is  a  matter  of  general  agreement  among  engi- 
neers. In  most  cases,  however,  whatever  inequality  of  stress-distri- 
bution exists,  is  attributed  to  the  imperfect  matching  of  holes,  and 
the  want  of  close  fit  of  the  rivets  to  the  walls  of  the  holes,  thus  plac- 
ing the  rivets  under  difTerent  conditions  for  the  resistance  of  shear. 
It  is  further  agreed  that  these  conditions  render  it  impossible  to 
tell  anything  definite  about  the  distribution  of  stress  in  rivetted 
connections,  and  that  more  refined  methods  of  design  than  are  at 
present  in  use  are  out  of  the  question. 
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ACTUAL  CONDITIONS    AFFECTING  STRESS-DISTRIBUTION. 

Two  erroneous  assumptions  underlie  the  above  conclusions:  Firsf, 
it  pre-supposes  that  if  a  connection  containing  a  number  of 
Wvets  In  the  line  of  the  stress-producing  force,  as  shown  in  Figure  1, 
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were  constructed  so  that  the  rivet  holes  were  perfectly  concentric 
and  the  rivets  all  fitted  perfectly,  and  a  load  were  applied  to  th( 
connection,  the  rivets  would  be  stressed  equally.  This  could  not 
be  the  case,  however,  because  of  the  elastic  properties  of  th< 
material  of  the  connection.  Professor  William  H.  Burr,  of  Colum- 
bia University,  speaking  of  the  influence  of  the  elastic  propertiei 
of  the  plates  in  rivetted  -  connections  on  the  distribution  of  stress 
among  the  rivets,  says:  *  "In  the  case  of  lap  Joints  with  three  oi 
more  rows  of  rivets  (frequently  found  in  truss  work),  or  in  similai 
work  when  two  rows  of  rivets  Join  a  small  plate  to  a  much  largei 
one,  the  outside  rows,  or  row,  in  consequence  of  the  stretching  ol 
the  material  at  the  Joint,  must  take  far  more  than  their  portion 
of  stress*  if,  indeed,  they  do  not  carry  nearly  all.  The  same  con- 
dition of  things  will  exist  in  butt  Joints  if  two  or  more  rows  ar< 
found,  under  similar  circumstances,  on  the  same  side  of  the  Joint." 
A  very  neat  demonstration  of  this  necessary  inequality  of  stress- 
distribution  among  the  rivets  of  a  perfect  connection  is  given  by 
Professor  W.  H.  Boughton,  in  the  Proceedings  of  the  Ohio  Society 
of  Surveyors  and  Civil  E^hgineers,  for  1902,  page  17.  A  connection 
of  the  form  shown  in  Fig.  1,  composed  of  one  Z"  X  V  bar  and  two 
3"  X  2"  bars  connected  together  by  three  rivets,  is  considered.  A 
pull  P  is  supplied  in  the  direction  of  the  line  of  the  rivets.  Let  it 
be  assumed,  as  is  done  in  practice,  that  the  stress  is  distributed 
equally  among  the  three  rivets.  If  this  be  true  i  P  is  taken  out 
of  the  main  bar  by  the  rivet  A  into  the  two  side  bars,  i  P  by  the 
rivet  B,  and  i  P  by  the  rivet  C,  leaving  a  stress  in  the  main  bar 
between  A  and  B  of  f  P,  and  between  B  and  C  of  i  P.  At  the  same 
time  the  stress  in  the  two  side  bars  between  A  and  B  is  |  P,  end 
between  B  and  C  it  is  f  P.  But  the  area  of  the  main  bar  is  the 
same  as  the  area  of  the  two  side  bars  together,  hience  the  extension 
of  the  main  bar  between  A  and  B  is  twice  the  extension  of  the 
two  side  bars,  and  the  extension  of  the  main  bar  between  B  and  C 
is  one-half  the  extension  of  the  two  side  bars.  Assuming,  then, 
that  the  rivets  fit  their  holes  perfectly,  the  distance  betw^een  their 
centres  in  the  side  bars  is  less  than  in  the  main  bar  for  rivets 
A  and  B,  and  greater  for  the  rivets  B  and  C.  Prom  this  neces- 
sarily follows  an  Inequality  of  distortion  of  the  rivets,  which  is 
shown  diagrammatically  in  Fig.  1  (a).  Rivets  A  and  C  are  more 
distorted  than  rivet  B,  and  are  consequently  more  highly  stressed, 
although  we  set  out  with  th«  assumption  that  all  the  rivets  were 
equally  stressed.  It  is  manifest  that  with  the  plates  of  the  connec- 
tion of  the  relative  areas  assumed,  the  rivets  A  and  CT  would  be 
equally  stressed  and  each  more  highly  than  B.    With  these  relative 
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sections  the  inequality  of  stress  disappears  with  two  rivets,  but  it  is 
more  and  more  pronounced  as  the  number  is  increased  above  three. 
The  end  rivets  would,  with  the  assumed  relative  plate  sections,  be 
equally  stressed  and  rivets  on  opposite  sides  of  the  centre  of  the 
connection  and  equidistant  from  the  centre  would  be  equally 
stressed. 

The  second  erroneous  assumption  is  that  the  faulty  matching 
of  holes  and  the  imperfect  fitting  of  rivets  to  the  walls  of  the  holes 
in  themselves  influence  the  distribution  of  stress  among  the  rivets 
of  the  connection.  Tlhis  Is  based  on  the  further  assumption  that 
rivets  under  ordinary  working  loads  resist  by  shear,  which  has 
been  oonclusively  disproved  by  many  able  inrestlgators,  among 
whom  are  Considdre,  Bach,  Dupuy,  and  Van  der  Kolk.  A  concise 
paper  *  describing  the  results  obtained  by  the  last  two  authorities 
was  read  before  this  Society  by  Professor  J.  T.  Nicholson,  a  few 
years  ago,  and  further  reference  need  not  be  made  to  the  matter 
other  than  to  say  tihat  experimental  enquiry  all  goee  to  show  that 
within  ordinary  working  loads  rivets  resist  entirely  by  tension  in 
the  shaft  which  grips  the  assembled  plates  together  and  never 
come  into  shear  until  the  safe  working  load  has  become  exceeded, 
when  a  more  or  less  eudden  slipping  of  the  assembled  plates  occurs. 
It  is  evident,  therefore,  that  slight  mis-matching  of  holes,  wliich, 
has  heretofore  been  considered  sufficient  to  vitiate  any  theoretical 
calculation  of  the  distribution  of  stress  among  the  rivets  of  a  con- 
nection, can  have  little  effect  It  is  only  when  the  mis-matching 
is  great  enough  to  produce  sensible  difterences  of  sectional  area 
of  the  rivets,  thus  causing  differences  in  their  gripping  power,  that 
theoretical  calculations  would  be  offset.  Of  course,  in  all  good 
work  the  mis-matching  would  not  be  great  enough  to  produce  this 
effect  to  any  extent,  and  in  the  case  of  drilled  and  reamed  work 
it  would  not  happen  at  all. 

With  these  facts  before  us,  we  can  enter  upon  the  derivation 
of  a  method  of  calculating  the  distribution  of  stress  in  rivetted 
connections  with  a  feeling  that  the  calculated  stresses  will,  in 
genera],  agree  pretty  closely  with  the  actual  ones.  The  normal 
tendency  is  for  this  agreement,  and  the  nearer  the  workmanship 
approaches  perfection,  the  nearer  will  the  agreement  be  to  com- 
plete realization.  The  theory  which  will  be  developed  can  be 
applied  to  any  joint,  given  certain  experimental  quantities,  of 
which  more  will  be  said.  These  quantities  have  as  yet  been 
determined  for  only  one  form  of  connection,  •  the  multiple-rivetted 
butt-joint  with  two  cover  plates. 
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Before  proceeding  furtlier  we  muBt  now  enquire  Into  the  Bllppingfl 
which  occur  In  rivetted  connections  under  ordinary  working  loads. 

8LIPPIN08   IN   BITSTTXD   CONNSCTIONS. 

The  researches  of  Van  der  Kolk,  to  which  reference  has  already 
been  made,  threw  great  light  on  the  slipping  in  rivetted  connec- 
tions.* He  measured  the  slippings  at  the  various  rivets  In  a  great 
number  of  connections,  as  well  as  the  extensions  between  consecu- 
tive rivets,  for  loads  gradually  varying  from  zero  to  past  the  maxi- 
mum allowable  working  load.  In  doing  so,  he  found  that  from  the 
very  commencing  pf  the  loading  at  a  Joint  there  is  a  gradual  relative 
slipping  of  the  plates  at  each  rivet,  part  of  which  disappears  whei 
the  load  is  remove,  and  the  remainder  of  which  is  permanent 
The  former  is  called  the  elastic  slipping  and  the  latter  tdie  perma 
nent  slipping. 

The  test  pieces  employed  were  all  butt  Joints  with  two  cove: 
plates,  there  being  a  single  line  of  rivets  in  the  direction  of  tJn 
stress-producing  force.  In  some  cases  there  were  two  rivets  oi 
each  side  of  the  splice,  and  in  other  cases  three.  The  cover  platei 
for  all  the  specimens  but  those  of  one  series  were  each  one-ihal 
the  thickness  of  the  main  plates,  while  for  the  specimens  of  tha 
series  the  plates  were  all  of  the  same  thickness.  The  thickness  o 
the  cover  plates  for  the  first  group  of  specimens  was  0^.493  and  o 
the  main  plates  0''.986,  wiiile  for  the  second  group  the  plates  wer 
all  0".61  thick.  In  every  case  the  plates  were  carefully  machine 
to  a  width  of  2^.76.  With  four  rivets  in  a  Joint  the  spacing  wa 
SMS,  while  for  six  rlvels  it  was  2*.60.  The  rivets  were  i  Inch  ii 
diameter. 

The  Bllppings  at  each  rivet  of  «very  Joint  were  embodied  in  ; 
very  complete  series  of  diagrams,  from  which  typical  ones  hav 
been  prepared  for  Figs.  2,  S.  and  4.  The  uppei  diagrams  in  eac 
figure  give  the  elastic  slippings  for  the  various  applied  loads,  an( 
the  lower  ones  the  permanent  slippings  for  the  same  loads.  Th 
upper  part  of  each  diagram  refers  to  the  rivets  above  the  splio 
(the  specimen  being  considered  as  standing  vertically),  and  th 
lower  part  to  the  rivets  below  the  splice.  Distinctive  lines  ar 
used  for  the  outer,  middle,  and  inner  rivets.  The  plotted  slipping 
at  any  rivet  are  the  averages  of  the  observed  slippings  on  the  rlgb 
and  left  sides  of  the  test  piece. 

Fig.  2  gives  the  load  slip  diagrams  of  three  typical  machine 
rivetted  specimens  with  cover  plates  each  one-half  the  thick nes 


*  See  Zelttchrift  det  Verelnei  deutscher  Ing»nleure,  1897,  p.  T3t. 
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of  the  main  plate  and  with  four  rivets.  Upon  examination  of  the 
plotted  results  we  aee  that  both  elastic  and  permanent  slippings 
increase  uniformly  up  to  a  well-defined  point  of  sadden  slipping. 
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Both  the  elastic  and  permanent  slippings  of  the  outer  and  inner 
rivets  are  practically  equal. 
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Fig.  3  shows  the  sUppings  in  three  machine-riyetted  specimei 
with  cover  plates  each  one-half  the  thickness  of  the  main  plat 
and  with  six  rivets.    The  elastic  and  permanent  alippinss  are  bo 
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fairly  uniform  up  to  a  point  of  sudden  slipping,  as  for  the  preo 
ing  specimens.  The  permanent  slippings  are  practically  the  sa 
for  all  rivets,  but  there  is  a  significant  inequality  of  the  elaa 
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Blippings.  The  elastic  slipping  of  the  Inner  riyet  is  shown,  within 
the  ordinary  limits  of  loading,  to  be  about  the  same  as  for  the 
outer  rivet,  but  that  for  the  middle  rivet  is  much  less  than  for 
either  of  the  others. 

In  Fig.  4  are  given  the  plotted  results  for  three  typical  hand- 
rivetted  specimens  with  cover  plates  the  same  thickness  as  the 
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main  plate  and  with  four  rivets.  The  elastic  slipping  is  seen  to 
Increase  uniformly  with  the  load  for  both  outer  and  Inner  rivets 
up  to  a  fairly  well-d^eflned  point  for  each  rivet,  while  the  permanent 
Blippings  are  somewhat  irregular.  Taking  the  average  of  all  the 
specimens  tested  in  this  series,  however,  the  permanent  slipplngs 
are  fairly  uniform  up  to  a  w«ll-deflned  point  and  about  equal  for 
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the  outer  and  inner  rivets.  '  Of  course,  the  hand-rivetting  is 
responsible  for  the  irregularity. 

From  this  examination  of  Van  der  Kolk's  results  we  see  that, 
in  the  average  case,  the  elastic  and  the  permanent  slippings  are 
both  directly  proportional  to  the  load  on  the  specimen  up  to  the 
point  of  more  or  less  sudden  slipping.  Also  we  may  say,  that  the 
sum  of  the  elastic  and  permanent  slippings  for  any  rivet,  wihich 
we  shall  call  the  total  slipping,  is  directly  proportional  to  the  load 
on  the  joint  up  to  the  point  of  sudden  slipping.  This  point  is  at 
about  the  limit  of  shearing  stress  on  the  rivet  generally  allowed 
in  design. 

The  results  of  this  enquiry  into  the  question  of  slipping  may 
be  summed  up  as  follows: 

(1)  The  relative  slipping  of  the  plates  at  a  rivet  in  a  butt  joint 
with  two  cover  plates  is  directly  proportional  to  the  load  on  the 
rivet  within  the  ordinary  limits  of  working  stress  assigned  to  it. 

(2)  In  butt  joints  with  two  rivets  on  either  side  of  the  splice, 
and  cover  plates  one-half  the  thickness  of  the  main  plate,  the  total 
slipping  is  the  same  at  both  rivets. 

(3)  In  butt  joints  with  three  rivets  on  either  side  of  the  splice, 
and  cover  plates  on«-half  the  thickness  of  the  main-^plate,  the  total 
slipping  at  the  outer  and  inner  rivets  is  equal,  but  the  total 
slipping  at  the  middle  rivet  is  less  than  at  the  outer  and  inner 
rivets. 

(4)  In  butt  joints  with  two  rivets  on  either  side  of  the  splice, 
and  cover  plates  the  same  thickness  as  the  main  plate,  the  total 
slipping  at  the  inner  rivet  is  less  than  at  the  outer  rivet. 

SIGNIFICANCE  OF  FACTS  ESTABLISHED  FROM  TAN  DEB  KOLK'S  BKSni.TS. 

In  view  of  fact  (1),  the  other  three  become  of  special  sig- 
nificance. Clearly,  the  only  interpretation  which  can  be  put  on 
them  is  that  in  any  given  connection  the  stresses  on  the  rivets  are 
as  the  relative  slippings  of  the  plates  at  them.  Thus,  in  butt 
joints  with  two  rivets  on  either  side  of  the  splice,  and  cover  plates 
one-half  the  thickness  of  the  main  plate,  the  rivets  must  be 
stressed  equally.  In  the  case  of  sdmilar  joints,  with  three  rivets  on 
either  side  of  the  splice,  the  outer  and  inner  rivets  are  stressed 
equally,  and  the  middle  rivet  is  stressed  less  than  either.  With 
butt  joints,  with  two  rivets  on  either  side  of  the  splice,  and  cover 
plates  the  same  thickness  as  the  main  plate,  the  inner  rivet  must 
be  stressed  to  a  smaller  extent  than  the  outer  one. 

Thus  it  is  seen  that  we  aie  not  without  experimental  reasons 
for  suspecting  a  definite  law  of  stress  distribution.  The  matter 
will   now  be  approached   theoretically,  using    data    obtained    from 
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Van  der  Kolk'a  results  for  the  numerical  calculations    which    will 
arise. 

▲    HTPOTHXTICAI.    GASB     DI8CUBBXD. 

The  conditions  of  stress-distribution  in  actual  rivetted  connec- 
tions are  elucidated  by  a  consideration  of  the  hypothetical  case 
where  th«  cover  plates  are  inextensible  and  incompressible  and 
the  main  plate  retains  its  elastic  properties.  Suppose  that  the 
latter  is  provided  with  cylindrical  projections  on  its  sid«s,  as  shown 
in  Pig.  5,  and  let  it  be  gripped  between  the  two  cover  plates  by 
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forces  applied  as  shown,  the  cylindrical  projections  slipping  between 
the  cover  plates  amounts  directly  proportional  to  the  vertical  loads 
on  the  projections.  Since  rivetted  connections  resist  loading  en- 
tirely by  friction  of  the  plates  within  ordinary  loads,  and  since  the 
pressure  exerted  by  a  rivet  in  drawing  the  plates  together  is  pro- 
bably confloed  to  a  small  circular  area  immediately  around  th« 
rivet,  this  hypothetical  method  of  connecting  the  plates  together 
would  be  exactly  analogous  to  rivetting. 

Supi;>08e,  now,  a  load  P  be  applied  to  the  Joint  What  part  of 
it  is  taken  Into  the  cover  plates  at  the  points  1,  2,  and  3  ?  If  the 
main  plate  were  inextensible  and  incompressible,  like  the  cover 
plates,  there  could  be  no  doubt  in  the  matter — the  sam«  part  of  P 
would  be  transferred  at  1,  2,  and  3,  because  whatever  amount  of 
slipping  occurred  at  3  must  also  occur  at  1  and  2,  since  the  main 
plate  is  considered  as  inextensible.  The  equal  sllppings,  of  course, 
mean  equal  loads,  a  principle  which  we  have  already  established 
for  actual  connections.       Further,   suppose   that   while    the  cover 
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plates  remain  perfectly  rlgjd  the  main  plate  becomes  highly  ex- 
tensible. It  is  seM-evident  that  under  these  condiUons  nearly  all 
the  load  would  be  transferred  to  the  cover  plates  at  3.  For  a 
degree  of  extensibility  of  the  main  plate  between  these  two 
extremes  it  would  «eem  •s  if  the  distribution  of  the  loads  would 
be  somewhere  between  the  distributions  in  the  other  two  cases. 

This  was  confirmed  by  an  experiment  deylsed  by  the  author, 
which,  though  not  attempting  to  realize  the  conditions  of  this 
hypothetical  case,  still  Involved  exactly  analogous  ones.  Three 
white  pine  strips,  i"x4"X2'  0'  were  supported  flatwise,  dlrecUy 
above  one  another,  on  heavy  wire  nails  driven  Into  a  wall,  as 
shown  In  Fig.  6. 
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These  strips  were  2.8"  apart  and  the  spans  were  all  1'  10".  The 
strips  were  connected  to  each  other  at  the  centre  by  rubber  bands 
looping  around  glass  tubes  V  In  outside  diameter,  which  rested 
across  the  strips.  In  the  ends  of  these  tubes  next  the  wall  were 
placed  corks,  which  carried  needles  as  shown  In  the  figure.  Op- 
posite these  needles,  and  fixed  to  the  wall,  were  scales  graduated 
to  one-twentieth  of  an  lnch«  so  that  the  defiectlon  of  each  strip 
under  load  could  be  estimated  by  eye  to  the  one-hundredth  part 
of  an  Inch.  To  the  tube  resting  on  the  bottom  strip,  a  sling 
arrangement,  consisting  of  two  more  bands  and  another  tube,  was 
attached,  carrying  a  scale  pan.  Into  this  pan  were  put  weights, 
varying  from  1  pound  to  li  pounds,  and  the  scale  readings  taken 
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for  each  loading.  From  these  readings  the  increments  in  deflec- 
tion of  each  strip  for  various  additions  of  load  to  the  scale  pan 
could  be  derived.  Care  'was  taken  to  see  that  the  initial  load,  due 
to  the  pan,  the  bands,  and  the  tubes,  caused  all  the  tubes  to  bear 
fully  over  the  strips  for  which  they  were  intended.  The  loads  were 
always  k^t  within  the  elastic  limit  of  the  material  of  the  strips 
so  that  the  increments  of  deflection  due  to  any  addition  of  load 
to  the  scale  pan  were  direct  measures  of  the  amount  of  the  added 
load  sustained  by  each  strip. 

The  parts  of  the  various  loads  in  the  scale  pan  carried  by  each 
beam  were  computed  from  the  deflections.  For  example,  when 
li  lbs.  had  been  added,  the  parts  of  it  sustained  by  means,  1,  2,  and 
3    were    as    1 :  1.92  :  4.62.     The    results  of  this  experiment  were 
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rather  closely  calculated  beforehand  from  a  knowledge  of  the 
moduli  of  elasticity  of  the  pine  and  rubber.  It  was  estimated  that 
within  the  elastic  limit  of  the  materials  the  parts  of  any  added  load 
which  would  be  sustained  by  1,  2  and  3  would  be  in  the  proportion 
of  1  :  2.2  :  6.04,  which  agreed  very  well  with  the  experimental 
results,  considering  the  variations  likely  to  occur  in  such  a 
material  as  rubber. 

But  let  us  return   to   the   hypothetical  case.      In    view   of   the 
results  of  the  experiment  with  the  three  pine  strips,  it  is  clear  that 
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when  the  main  plate  in  the  joint  shown  in  Fig.  5  is  subjected 
a  pull  P,  and  it  is  not  of  inextensible  material,  the  distrihutic 
of  the  load  among  the  supports  1,  2,  and  3  should  proceed  accor 
ing  to  some  law  analogous  to  that  existing  for  the  case  of  tl 
simple  beams  just  discussed.  This  is  true,  because  the  case  of  t 
beams  and  the  hyiwthetical  case  are  exactly  parallel.  In  bo 
cases  an  extensible  tie  Is  attached  to  certain  parts  of  a  sysU 
which  moves  parallel  to  the  axis  of  tihe  tie  amounts  directly  pr 
xwrtional  to  the  load  applied.  The  diatribution  cl  loads  amoi 
these  parts  must,  therefore,  be  according  to  a  similar  law. 

It  will  be  of  yalue  to  ub  in  the  consideration  of  practical  cas 
to  establish  the  general  law  of  distribution  of  load  in  the  hji 
thetical  case  under  discussion.  The  cylindrical  projections  on  t 
sides  of  the  main  plate  may  be  regarded  as  rigid  struts,  fittii 
tightly  between  two  rigid  walls,  and  having  the  j^roiperty 
slipping  between  these  walls  amounts  directly  proportional  to  t 
loads  applied  to  them  by  the  extensible  main  plate  Let  there 
any  number,  n,  of  these  stmts  placed  at  equal  distances  apart 
the  same  plane,  as  shown  in  Fig.  7.  They  may  be  of  any  lengt 
not  necessarily  equal,  a3  they  are  considered  as  non-flexit 
moving  bodily  in  the  sense  of  the  applied  forces. 

Let  Ps=load  at  bottom  of  tie. 
^1.  ^j.  ^3  •  •  •  W^  =  loads  supported   by  struts  1,  2    8  .  .  .  n   c 
to  application   of  P. 
^I'^t'^t  '  '  '  ^|  =  8liPP^^  of  these  struts   between   the   wa 
due  to  the  loads  W^,W^,W^.  .  .|f„ 
a  =  initial   distance  apart  of  struts. 
K  =  ratio  of  total  load  on  any  strut  to  the  slippl 

of  strut  caused  by  that  load. 
A  =  sectional  area  of  tie. 

F=r  ratio   of  stress  per   unit  area  (^  tie  to   u 
elongation    between    struts     (not   neceesai 
the  same  as  the  modulus  of  elasticity    of 
material  of  the  tie). 
G  =  ratio  of  total  load  in  a  tie  between  two  sir 
to  the  total  extension  of  sooh  part  of  tie. 

therefore  =        ^• 
a 

Now,  from  the  assumed  conditions, 
*i-   K 
®2-   A' 


S     ^   -'L 


in  Rivetted  Connections  269 

and  within  the  elastic  limit  of  the  material  of  the  tie 

Putting  In  these  latter  equatlooa  the  values  of  8  obtained  from 
the  upper  set,  we  are  able  to  express  all  the  loads  In  terms  of  W^. 
After  the  loads  on  several  struts  are  thus  expressed,  the  general 
expression  can  be  written  down,  giving  the  load  on  the  n-th  strut 
from  the  top.    The  loads  In  terms  of  W^  are: 


^t 

=  Tf, 

^a 

=  W, 

^. 

=  W, 

^4 

=  W^ 

I  + 
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I  +  3 


I   +  6t 


f-(f-)'] 


4- 
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This  law  of  distribution  of  load  over  the  strut  In  such  a  system 

IT 

may  be  shown  graphically  by  assigning  fixed  values  to  _ .    From 

G 
the  nature  of  K  and  G,  It  Is  evident  that  they  are  always  positive 

I- 
and  may  be  of  such    values   as    to    cause  —  to  vary  from  zero  to 

G 
infinity.    The  diagram  given  in  Fig.  8  has  been  constructed,  giving 

-Q  the  values  of  .1,  .2,  .3,  .4  and  .5.  The  numbers  along  the  vert- 
ical axis  are  the  numbers  of  the  struts  counting  from  the  top, 
while  the  numbers  along  the  horizontal  axis  represent  loads  pro- 
portional to  W^.    The  relative  loads  on  the  struts  are  calculated 

for  the  various  values  of^j^,  and  horizontally  out  •  from  the  num- 
bers representing  these  struts,  points  are  located  which  are  vertically 
opposite  numbers  on  the  horizontal  scale  equal  to  the  loads  on  the 
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stmts  in  terms  of  W  .  For  any  value  of  y.  the  points  thus  locate 
are  coimected  by  atraififht  lines  to  make  it  easier  to  see  the  law  < 
variation  of  load.  These  curves  are  not  algebraic,  since  they  a 
not  continuous.  The  only  points  having  any  meaning  are  thoi 
horizontally  opposite  strut  numbers. 

From  this  diagram  may  be  seen  at  a  glance  the  truth  of  certa: 
statements  already  referred  to  as  self-evident  These  were  thi 
if  th«  main  plate  were  inextensible  and  incompressible,  like  tl 
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cover  plates,   the  load   would   be   equally   distributed    among    tl 
struts,  and  if  the  main  plate  were  infinitely  extensible  the  botto 

one  would  get  all  the  load.    These  conditions  would  render  ~  « 
K 


and  ^  =    00  respectively. 


In  the  former  case  the  curve  become 
a  straight  line  coinciding  with  the  vertical  line  through  1,  showii 
that  on  all  struts  the  load  is  the  same.  In  the  latter  case,  tl 
curv«  becomes  a  horizontal  line  through  1,  showing  that  the  lot 
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on  any  strut  below  the  first  one  is  infinitely  greater  than  the  load 
on  the  first  one. 

These  same  results  would  occur  if,  while  the  main  plate '  re- 
tained its  ordinary  elastic  properties,  the  resistance  of  the  struts 
to  slipping  became  extremely  small,  or  if,  on  the  other  hand,  it 
became  infinitely  great 

There  is  another  factor  which  infiuences  the  distribution  of  load 
in  this  hypothetical  case,  and  that  is  the  distance  between  the 
struts.    As  has  been  shown  already,  the  loadHlistribution  depends 

entirely  upon  the  value  of  ^,  G  being  equal  to  _.    The  effects  of 

G  a 

yariations  in  K,  A  and  F  have  been  seen,  and  the  effect  of  vari- 
ation in  a  remains  to  be  noted.    Evidently  if  a  were  increased  in 

value  indefinitely,  G  would  become  very  small,  and  hence  ->  would 
approach  infinity.  The  bottom  strut  would  then  get  practically  all 
the  load.  If  the  reverse  change  take  place,  that  is,  if  a  become  very 
small,  the  struts  would  all  sustain  practically  the  same  load. 

From  this  enquiry  we  may  make  the  following  statements  of  the 
effect  of  variations  in  K,  A,  F  and  a  on  the  distribution  of  loads 
in  such  a  hypothetical  system,  assuming  that  all  other  variables 
except  the  one  under  consideration  are  constant  for  the  time  being: 

(1)  An  increase  in  K  produces  further  inequality  of  load-distri- 
bution among  the  struts,  while  a  decrease  in  K  produces  further 
equality. 

(2)  An  increase  in  A  produces  further  equality,  while  a  decrease 
produces  further  Inequality. 

(3)  An  increase  in  F  produces  further  equality,  while  a  decrease 
produces  further  inequality. 

(4)  An  increaae  In  a  produces  further  inequality,  while  a  decrease 
produces  further  equality. 


ANALYSIS    OF   ACTUAL    CONNECTIONS. 

The  hypothetical  case  just  discuseed  enables  us  to  form  a  clear 
idea  of  how  the  distribution  of  stress  in  a  rivetted  connection 
should  proceed,  although  it  cannot  be  used  to  calculate  the  stress 
on  any  rivet  We  may  suppose  that  the  slipping  in  a  joint  is  made 
up  of  two  parts,  occurring  at  two  different  times.  Ck)nsider,  first, 
that  the  cover  plates  are  of  perfectly  rigid  material,  and  that  the 
main  plate  possesses  ordinary  elastic  properties.  The  joint  may 
be  of  any  form,  such  as  shown  in  Pig.  9.  Let  the  first  slipping 
at  any  rivet  be  the  slipping  which  occurs  under  these  hypothetical 
conditions  when  the  load  comes  on  the  connection.  T^e  slippings 
at  the  various  rivets  would  proceed  according  to  the  law  estab- 
lished in  the  discussion   of  the  hypothetical  case,   or  they   would 
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be  to  each  other  as  the  abscissas  at  1,  2,  3,  ...  n  of  some  curve 
similar  to  that  shown  in  the  right  hand  part  oif  Fig  10.  But  now, 
when  the  main  plate  has  adjusted  itself,  suppose  the  cover  plates 
regain  their  normal  elastic  properties.  Here  the  second  part  of 
the  slipping  takes  place  and  the  slipping  at  any  rivet  takes  iU 
final  value.  The  second  part  of  the  slipping  evidently  would  be 
according  to  a  law  similar  to  that  governing  the  first  part,  for 
when  the  second  part  takes  place  the  main  plate  may  be  arbitrarily 
assumed  as  rigid  and  the  cover  plates  as  extensible.  These  se- 
condary sllppingB    at    the   various  riveto    would    then  be  to  each 


o  o  oo  o  o  o 


Fig.  9. 


!ft 


F,f./0 


Other  as  the  abscissas  at  1,  2,  3  .  .  .  »  of  some  curve  similar  to 
that  shown  in  the  left  hand  part  of  Fig.  10.  Now,  the  actual 
slipping  at  any  rivet  is  composed  of  the  sum  of  the  two  slippings, 
and  if  the  horizontal  scales  be  the  sam«  in  the  two  parts  of  Fig. 
10,  then  the  stresses  in  the  various  rivets  must  be  proportional  to 
the  horizontal  distances  between  the  two  curves  at  these  rivets. 

The  actual  stresses  in  rivetted  connections  cannot  be  analyzed  by 
this  method,  because  we  do  not  know  the  ratio  of  the  load  on  a 
rivet  connecting  extensible  and  inextensible  plates  to  the  slipping 
occurring  at  the  rivet.  We  do  know,  however,  something  concern- 
ing the  slipping  at  a  rivet  connecting  extensible  plates,  and  it  will 
be  shown  that  formulas  may  be  derived   Involving  this  slipping. 


in  Rivetted  Connections 


273 


which  are  capable  of  being  used  to  calculate  th«  load  on  any  rivet 
in  a  connection. 

Let  U8  consider  the  simplest  case  of  multiple  rlvetting,  where  two 
coyer  plates  of  equal  section  are  connected  to  a  main  plate  of  any 
section  by  two  rivets,  as  shown  in  the  sketch.  Fig.  11. 


i^ 


\i^ 


^ 


m^ 


^  CMn^  o^  Me  Jh  main  p/a^. 


p^w;*t^ 


Let  P  = 

5,.  «.= 


K  = 


^1  = 


d: 

Or 


^.= 


:load  on  connection. 

:  loads  on  rivets  1  and  2. 

=  relative  slippings  of  plates  at  rivets  1   and  2,  due  to 

loads  W^  and  W^. 
ratio  of  total  load  on  a  rivet  to  the  slipping  at  that 

rivet 
sectional  area  of  main  plate, 
sectional  area  of  the  two  cover  plates  together. 
ratio  of  stress  per  unit  area  of  plates  to  elongation  per 
unit  of  length  between   the  rivets    (not  necessarily 
the  same  as  the  modulus  of  elasticity  of  the  material 
of  the  plates), 
pitch  of  rivets. 

ratio  of  the  load  in  the  main  plate  between  the  rivets 
to  the  total  extension  of  this  part  of  the  plate  imder 

^^ 
such  load.    It,  therefore,  =  '—  p, 

a 

ratio  of  the  load  in  the  two  cover  plates  between  the 
rivets    to    the    tptal    extension  of  this  part  of  the 

plates  under  such  load.     It.  therefore,  =    ^  F. 
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But  the  difference  between  the  extension  in  the  main  plaU 
the  length  a  and  of  the  extenaion  in  the  cover  plates  of  the  a 
lengtih  ia  equal  to  the  difference  between  8^  and  8^,  Suppose  i$ 
greater  than  8^,  then  the  extension  of  the  length  a  in  the  m 
plate  is  evidently  greater  than  the  extension  of  the  same  leo 
in  the  cover  plates,  and  we  may  write: 


or 


It  ia  clear  that  it  makes  no  difference  whether  8^  or  8^  is 
greater  as  far  as  this  equation  is  conoemed,  so  for  purposes 
demonstration  we  will  assume  that  the  slipping  gets  greater 
farther  down  we  go  from  the  first  rivet 


«.- 

K  ' 

W.      tt\      w. 

/^/^     /2 
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Solving  this  equation  for  W^  in  terms  of  W    we  get: 


^2  =  ^1 


I   4--^ 
G, 


I   + 


From  this  we  can  find  the  relative  stresses  on  the  rivets  if  we 
are  given  K,  A^,  A^,  F  and  a. 

Let  us  now  examine  the  case  of  a  similar  connection  with  three 
rivets  as  shown  in  the  sketch,  Fig.  12. 

The  quantities  Involved  in  this  case  will  be  similar  to  those  in 
the  case  just  discussed,  W^,  W^,  W^  being  the  loads  on  the  rivets 
and  8^,  8^,  8^  being  the  slippings  at  them  due  to  these  loads. 

Now,  pursuing  the  same  reasoning  as  in  the  last  case,  we  may 
write  two  equations  similar  to  the  one  first  written  down  for  it. 
They  are: 


and 


«. 

-«x 

r. 

W. 

'»', 

if,  +    W'a 

K 

K 

~   0. 

o. 

«, 

-«. 

_   if, 

K 

K 

_  M'. 

get 


Solving  these  two  equations  for  W    and  W    in  terms  of  TF  ,  we 


^,  =  ^x 


^'  +fi':+ 


A-a 


^l'  ^1^8*  ^1*6^2 


a  + 


/r^ 


^  (?/  ^  G, 


GiO 


G^ 


On  account  of  the  great  amount  of  labour  required  to  derive 
'formulas  for  Joints  containing  more  than  three  rivets,  they  were 
not  carried  further,  the  law  being  shown  by  the  consideration  of 
th«se  short  connections. 
7 
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In  order  to  show  the  application  of  thia  theory  to  the  determ- 
ination of  the  stress  in  any  rivet  of  a  connection,  and  to  render 
clearer  the  law  of  distribution  of  stress,  several  numerical  examples 
will  be  given,  involving  values  of  K  cmd  G,  which  are  known 
approximately  from  experiment. 

K,  the  ratio  of  the  load  on  a  rivet  to  the  slipping  at  it,  may 
for  joints  about  2  inches  thick,  assembled  by  i-inch  rivets,  be 
arrived  at  from  th«  experimentfi  of  Van  der  Kolk.  An  examination 
of  results  for  24  of  the  most  representative  specimens  with  two  rivets 
on  each  side  of  the  splice,  and  cover  plates  one-half  the  thickness 
of  the  main  plates,  showed,  for  an  average  load  per  rivet  of  4,855 
pounds,  an  average  slipping  of  .000305  inches.  This  gives  a  value 
to  Z  of  about  16,000,000. 

G,  as  has  already  been  stated,  is  a  quantity  algebraically  defined 

by  the  relation  (7  =  —  F.    Values  of  G  could  readily  be  computed 
a 

if  we  kttew  the  value  of  F.    This  latter  quantity  in  the  case  of  an 

ordinary  rivetted  connection  is  the  ratio  of  the  stress  per  gross  unit 

area  of  a  perforated  plate  to  the  extension  per  unit  of  length,  centre 

to  centre  of  holes,  the  piece  being  gripped  tightly  around  the  holes 

within  certain  areas  enclosed  by  the  dotted  lines  In  Pig.  13. 


-— r 


m 


-kr- 


10) 


/v^.  /3 


■! 


Information  concerning  the  extension  of  such  portions  of  plates 
may  be  oj)tained  from  the  researches  of  Van  der  Kolk.  The  author 
has  carefully  examined  all  the  information  available  and  finds  that 
F  does  not  differ  greatly  in  the  general  case  from  the  modulus  of 
elasticity  of  the  material,  and  this  value  will  be  given  to  F  for  the 
purposes%of  the  present  calculation. 

Having  now  determined  values  of  K  and  F,  we  shall  proceed  to 
the  solution  of  numerical  examples,  care  being  taken  to  select  these 
so  that  they  ore  consistent  with  the  values  of  K  and  F  already 
adopted.  Six  cases  of  joints  with  two  rivets  and  six  cases  with 
three  rivets  will  be  considered  as  follows: 


Example. 
la 

lb 

Ic 
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2  Rivets  —  i"  diameter. 
Material   of   Joint. 

1  Main  Plate    —  3"  X  li" 

2  Cover  Plates  —  3"  X  I" 

1  Main  Plate    —  3"  X  1" 

2  CJover  Plates  —  3"  X  i' 

1  Main  Plate    —  3"  X  J" 

2  Cover  Plates  —  3"  X  I" 
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8" 


II  a 
II  b 
II  c 


Same  material  as  I  a 
•'   I   & 

•   I   c 


6" 


8  Rivets— 'I*'  diameter. 


Ill  a 

Same  material  as  for  I  a 

III  b 

16 

III  c 

I  c 

IV  a 

Same  material  as  for  I  a 

IV  b 

I  & 

IV  c 

le 

It  sbould  be  noted  that  care  has  been  taken  to  select  joints 
which  will  give  a  thickness  of  2  inches,  the  thickness  of  the  speci- 
mens from  which  the  values  of  K  and  F  have  bepn  determined. 
The  rivets  are  chosen  as  i-inch  for  a  similar  reason.  In  all  the 
solutions  K  is  taken  as  16,000,000,  and  F  as  30,000,000. 

The  solutions  were  all  made  by  inserting  the  correct  numerical 
values  of  K  and  G  In  the  general  formulas  derived  above.  The  re- 
sults, in  terms  of  TF^,  are  as  follows: 


Example. 

I  a 

I  b 

I  c 
II  a 
II  ft 
II  e 


2  Rivets. 

^. 

1 

1 
1 
1 

1 
1 


^2 

.654 
1 
1.525 

.546 
1 
1.830 
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Example. 
Ill  a 

^i 

:u 

.451 

III  b 

.652 

1 

III  c 

.941 

2.215 

IV  a 

.286 

.385 

IV  6 

.484 

1 

IV  c 

.7^5 

2.595 

These  results  axe  embodied  In  Figs.  14  and  15.  The  loads  pro- 
portional to  those  on  rivet  No.  1  are  plotted  on  horizontal  lines  at 
regular  distances  apart  opposite  the  different  rivets. 

Let  us  consider  the  results  for  the  specimens  with  two  rivets. 
Fig.    14.      Where    the    area    of    the    two    cover    plates    is    half 


n 


c 


( 


) 


) 


/^/^ 


the  area  of  the  main  plate  the  load  on  rivet  No.  2  is  less  than 
on  rivet  No.  1;  where  these  areas  are  equal  the  loads  on  the  two 
rivets  are  equal;  where  the  area  of  the  two  cover  plates  is  3  times 
the  area  of  the  main  plate,  rivet  No.  2  is  loaded  more  than  rivet 
No.  1.  The  effect  of  the  increase  in  spacing  is  to  further  increase 
the  inequality  of  loading  in  the  first  and  third  cases,  while  it  does 
not  infiuence  the  distribution  of  loads  at  all  in  the  second  case. 

Now,  consider  the  results  for  the  specimens  with  three  rivets, 
Fig.  15.    For  both  spaoings,  and  for  all  sections,  the  loads  on  rivet 
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No.  2  are  less  than  on  either  Nos.  1  or  2.  In  th«  case  where  the 
cover  plates  are  J  the  area  of  the  main  plate,  the  load  on  rivet  No. 
3  is  less  than  on  No.  1;  where  the  cover  plates  are  of  the  same 
area  as  the  main  plate  the  loads  on  these  two  rivets  are  equal; 
where  the  cover  plat«s  are  three  times  the  area  of  the  main  plate, 
the  load  on  rivet  No.  3  is  much  greater  than  on  rivet  No.  1.  The 
effect  of  the  increase  in  spacing  is  to  increase  the  inequality  of 
loading  on  rivets  Nos.  2  and  3  with  respect  to  rivet  No.  1,  in  the 
first  and  third  cases,  while  in  the  second  case  the  load  on  rivet  No. 
2  is  decreased,  and  the  load  on  rivet  No.  3  left  equal  to  that  on 
rivet  No.  1. 


( 


Ida/an /f/neTAbJ 


) 
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With  these  facts,  and  the  discussion  of  the  diagram  Fig.  8  before 
us,  we  may  make  the  following  generalizations  with  respect  to 
Joints  of  the  type  shown  in  Pig.  9,  the  rivet-spacing  being  uniform. 

(1)  The  more  rigid  the  material,  and  the  greater  tjhe  sections  of 
both  main  plate  and  cover  plates,  the  more  nearly  are  the  rivets 
stressed  equally. 

(2)  An  incre^ase  of  sectional  area  of  the  two  cover  plates  rela- 
tively to  the  sectional  area  of  the  main  plate  causes  an  increase  in 
the  proportion  of  the  stress  which  the  bottom  rivets  (see  Fig.  10) 
carry,  while  a  decrease  causes  an  increase  In  the  proportion  of  the 
stress  which   the  top  rivets  carry. 
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(3)  jAn  increase  of  tli«  sectioiial  area  of  the  main  plate  relatively 
to  the  sectional  area  of  the  two  cover  plates  causes  an  Increase  in 
the  proportion  of  the  stress  which  the  top  rivets  carry,  while  a  de- 
crease causes  an  increase  in  the  proportion  of  the  stress  which  the 
bottom  rivets  carry. 

(4)  In  Joints  in  which  the  area  of  the  two  cover  plates  equals 
the  area  of  the  main  plate,  the  rivets  equidistant  from  the  centre 
of  the  rivetting  are  stressed  equally,  the  end  rivets  being  stressed 
more  than  the  intermediate  ones.  In  the  case  of  Joints  with  two 
rivets  only  there  is  an  equality  of  stress  on  the  two  rivets. 

(5)  The  effect  of  increasing  the  rivet  spacing,  if  it  be  kept 
uniform,  is  to  render  the  distribution  of  stress  among  the  rivets 
more  unequal. 

Although  these  generalizations  have  been  made  with  reference 
to  connections  with  two  cover  plates,  they  hold  equally  well  for 
lap  Joints,  one  of  the  plates  taking  the  place  of  the  two  cov«r  plates 
in  the  above  discussion. 


CONCLUSION. 

What  modifications  should  we  make,  then,  in  our  designs  of 
rivetted  connections  if  this  normal  law  of  the  distribution  of  stress 
substantially  holds?  Evidently  something  must  be  dene  to  throw 
a  greater  proportion  of  stress  on  the  intermediate  rivets  than  they 
carry  under  the  conditions  .  assumed  in  the  foregoing  discussion. 
There  are  two  practicable  methods  of  doing  this: 

First,  we  might  i^  some  way  increase  the  resistance  of  the  plates 
to  slipping  at  the  intermediate  rivets.  This  would  throw  additional 
load  on  these  rivets  because  of  the  principle  that  when  a  load  has 
to  travel  over  several  paths  it  divides  itself  in  direct  proportion 
to  the  rigidities  of  these  paths.  This  extra  resistance  of  the  inter- 
mediate rivets  to  slipping  might  be  secured  by  using  larger  rivets 
or  by  maintaining  the  pressure  of  the  riveting  tool  on  these  rivets 
until  they  become  black,  instead  of  releasing  it  immediately  after 
driving,  as  in  the  case  of  the  end  rivets. 

The  second  method  is  to  decrease  the  spacing  of  the  rivets  near 
the  ends  for  by  so  doing  we  more  nearly  approach  a  connection  with 
two  rivets,  one  at  each  end.  Where  the  two  parts  joined  are  well 
proportioned  to  each  other  with  respect  to  material  the  inequality 
of  stress  is  thus  reduced.  The  shortening  of  the  spaces  over  the 
entire  connection  will  also  tend  to  further  equalization  of  stress  on 
the  various  rivets. 
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DISCUSSION. 


Mb.  F.  p.  Sh£abwood  (M.Can.aoc.C.E.)— The  author  touches  on  Mr.  shewwood 
one  of  the  most  difficult,  and  in  view  of  the  increasing  popularity  of 
rivetted  designs,  one  of  the  most  important  problems  in  structural 
engineering. 

The  paper  brings  again  to  our  notice  the  probable  fact  that  the 
rivets  in  many  large  connections  are  by  no  means  evenly  stressed, 
and  if  all  that  appears  to  be  theoretically  proved  in  the  paper  occurs 
in  actual  practice,  and  if  no  compensating  action  is  overlooked, 
then  much  of  the  modem  practice  of  designing  rivetted  Joints,  or. 
one  might  say,  rivetted  members,  is  far  from  correct. 

Prom  the  experiments  shown  in  Pigs.  2  and  3,  a  peculiar  slipping 
appears  to  take  place^  for,  by  these  diagrams,  the  permanent  slip- 
ping of  the  outer  or  higher  stressed  rivet  is  recorded  as  about  the 
same  amount  as  on  the  inner  and  lighter  stressed  rivet.  This  seems 
to  be  an  unlikely  action,  for  one  would  naturally  look  for  both  the 
elastic  and  permanent  slips  to  vary  with  the  deflections  of  the 
plates. 

It  would  be  interesting  to  know  how,  or  rather,  at  what  stage  of 
the  experiment  the  permanent  and  elastic  slips  were  computed,  if 
the  measurements  were  taken  continuously  from  zero  to  maximum 
load  and  from  maximum  to  zero,  and  the  difference  between  the 
two  readings  being  considered  the  permanent  slip,  it  follows  that  a 
misleading  diagram  is  given,  for  in  this  way  no  allowance  is  made 
for  the  internal  stresses  created  by  the  permanent  slip  which  tends 
to  reduce  its  elastic  slip. 

The  statement  is  made,  "That  experimental  enquiry  all  goes 
to  show  that  within  ordinary  working  loads  rivets  resist  entirely 
by  tension  in  the  shaft  ♦  ♦  ♦  ♦"  This  evidently  means  that  the 
friction  is  the  initial  resistance,  and  shearing  and  bearing  strains 
are  not  developed  until  considerable  movement  has  taken  place. 
If  this  is  the  case,  does  it  not  follow  that  the  displacement  is  not 
proportional  to  the  load?  For  frictional  resistance  does  not  increase 
with  movement  (that  is  a  force  which  will  slide  one  surface  upon 
another  will  continue  to  move  it  so  long  as  it  is  applied),  therefore, 
until  the  outer  rivets  come  in  contact  with  the  walls  of  the  holes  they 
are  not  stressed  higher  than  any  other  rivet  where  movement  has 
occurred.  To  illustrate  this — imagine  a  connection  of  three  or  more 
rivets  in  line;  the  rivets  having  ample  clearances  in  the  holes,  so 
that  any  unequal  extensions  of  the  plates  would  not  bring  them  in 
contact,  and  that  the  total  friction  of  all  the  rivets  was  exactly 
enough  to  resist  the  applied  load,  it  follows  that  the  plates  must 
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Mr.  shearwood  adjust  themselves  to  bring  into  play  the  full  amount  of  the  friction 
of  each  rivet;  for  if  the  load  on  any  one  rivet  could  be  more  it 
would  slip  indefinitely. 

The  paper  calls  attention  to  the  sudden  slipping  which  takes 
place  at  about  the  maximum  working  stress.  This  would  seem  to 
prove  the  existence  of  a  clearance  between  the  walls  of  the  holes 
and  the  rivets.  Considering  the  butt  joint,  as  shown  in  Fig.  3,  the 
order  of  movement  to  accommodate  the  strains  in  the  plates  would 
seem  to  be,  first,  a  gradual  slipping  between  the  three  plates  until 
the  rivet  bears  against  the  centre  plate,  then,  the  rivet's  shearing 
and  bending  value  is  brought  Into  play,  until  this  strain  produces  a 
stress  in  excess  of  the  friction  which  holds  the  head  of  the  rivet 
from  slipping  on  the  outside  surfaces  of  the  cover  plates,  when  a 
sudden  slip  will  take  place  which  will  bring  the  walls  of  the  cover 
plates  to  bear  against  the  rivet,  and  shearing  and  bearing  will  then 
be  the  only  resistance  to  meet  any  increase  in  the  unequal  strain  of 
the  plates.  An  interesting  and  important  point  to  bear  in  mind  is 
that  if  the  rivet  has  deflected  under  load,  it  follows  that  when  the 
<  load  is  removed  the  rivet  will  still  retain  a  deflection  capable  of 
producing  a  stress  equal  to  the  frictional  resistance  of  the  rivet 

It  occurs  to  the  writer  that  the  so-called  elastic  slip  is  caused  by 
the  deflection  due  to  the  shearing  or  bearing  stresses  in  the  rivet, 
for  any  slipping  which  occurs  before  the  rivet  comes  in  contact 
with  the  walls  of  the  holes,  and  is  uniform  throughout  the  Joint, 
must  necessarily  be  permanent,  because  the  plates  having  slipped, 
there  will  be  no  force  or  strain  tending  to  move  the  plates  back  to 
their  original  position  when  the  load  is  removed.  If,  however,  the 
slip  has  not  been  uniform,  the  plates  will  still  retain  a  part  of  their 
unequal  strain  when  the  load  is  removed,  and  the  stress  from  the 
unequal  deflection  of  the  plates  will  exert  on  the  surfaces  of  the 
plates,  at  the  outer  rivets,  a  friction  in  the  opposite  direction  to 
that  caused  by  the  load. 

This  frictional  resistance  of  rivets,  in  conjunction  with  the  prob- 
able clearance  between  the  rivet  and  the  sides  of  the  holes,  and  also 
the  great  ability  of  steel  to  distort  without  reducing  its  ultimate 
strength,  enables  a  rivetted  joint  to  adjust  itself  when  subjected  to 
repeated  loadings,  and  it  is  probable  that  the  possibility  of  the 
outer  rivets  being  ruined  by  being  over-strained,  is  exaggerated, 
except  in  extreme  cases. 

However,  poor  grouping  of  rivets  seems  likely  to  reduce  the 
frictional  value  of  the  outer  rivets,  for  if  the  dlfTerences  in  the 
deflections  of  the  main  and  splice  plates  have  been  enough  to  create 
a  constant  movement  to  and  fro  between  the  plates,  the  co-efficient 
of  friction  is  likely  to  be  reduced  or  even  destroyed. 

In  view  of  the  possibility  of  this  or  some  other  unforseen  action 
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resulting  from  the  uneven  deflection  of  the  connected  pieces,  much  Mr.shearwood 
of  the  present  day  practice  in  designing  rivetted  members  and  their 
connections  might  he  improved.  For  instance,  in  the  endeavour  to 
save  weight  in  a  tension  member,  its  connection  rivets  are  spread 
out  at  its  ends,  so  that  only  a  few  holes  need  be  deducted  from  the 
gross  area  to  meet  the  requirements  of  the  specification. 

A  tension  member  and  its  connections  designed  so  tfiat  it  will 
just  meet  the  requirements  of  the  specification  regarding  net  area 
and  rivets,  may,  on  being  tested  to  destruction,  give  the  desired 
result,  owing  to  the  great  ability  of  steel  when  strained  beyond  its 
elastic  limit  to  elongate  and  still  retain  its  ultimate  strength,  but 
it  may  occur  that  loads  which  are  figured  to  strain  the  different 
parts  of  the  structure  to  about  one-half  the  elastic  limit,  will  exert 
on  some  of  the  outer  rivets  a  strain  greatly  in  excess  of  it,  and  by 
frequent  applications,  these  outer  rivets  will  lose  their  frictional 
resistance  and  become  loose,  thus  permitting  the  next  row  of  rivets 
to  be  over-etrained,  and  in  time  the  whole  Joint  may  become  slack, 
in  which  case  the  ultimate  strength  test  has  not  determined  the 
point  at  which  fatigue  will  not  occur  in  the  outer  rivets  and  the 
joint  become  loose,  and  since  rigidity  is  the  aim  in  nearly  all 
designs,  the  ultimate  strength  in  rivetted  joints  does  not  demon- 
strate their  true  capacity. 

Considering  the  reliability  of  steel,  the  conservative  rivet 
stresses,  and  the  liberal  allowance  for  Impact,  the  ultimate  strength 
of  any  structure  designed  in  acQordance  with  standard  specifications 
of  to-day  is  perfectly  safe,  but  it  does  often  happen  that  they  lack 
rigidity,  which  lack  is  possibly  brought  about  through  the  poor 
grouping  of  rivets. 

The  unit  stress  allowed  for  shear  on  rivets,  viz.,  70%  to  75%  of 
those  allowed  for  tension,  is  unnecessarily  low.  In  a  set  of  experi- 
ments on  rivetted  joints,  in  which  the  rivets  might  be  unequally 
stressed,  made  for  a  committee  of  the  American  Railway  Engineers 
and  Maintenance  of  Way  Association,  the  rivets  showed  a  shearing 
strength  of  45,000  lbs.  to  50,000  lbs.  per  square  inch,  with  bearing 
values  proportionatefy  higher.  This  would  give  about  80%  to  85% 
of  the  tension  value  of  the  metal  of  large  shapes.  In  Ehirope  the 
engineers  allow  higher  values  than  we  do,  but  they  appear  to 
pay  more  attention  to  concentrating  the  rivets  in  a  Joint  or  splice. 

In  many  of  the  Canadian  specifications  rivet  shearing  values  are 
cut  down  to  69%  of  the  allowed  tension  for  machine-driven  shop 
rivets,  and  62%  for  machine-driven  field  rivets.  These  low  values 
often  make  it  hard  to  find  room  for  a  sufficient  number,  and  in 
places  like  the  flanges  of  plate  girders,  where  no  danger  of  uneven 
strains  exists,  an  increase  in  the  rivet  unit  stresses  would  seen 
advisable.    In  cases  where  uneven  strains  are  possible,  some  extra 
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M r.  shearwood  allowance  should  be  gpecifled,  and  the  clauses  regarding  the  allow- 
ances for  holes  in  tension  members  should  be  reyised,  directing 
that  the  maximum  number  of  holes  possible  in  a  section  should  be 
deducted,  instead  of  as  at  present  allowing  the  minimum. 

If  the  shearing  and  bearing  values  of  rivets  are  not  exerted  until 
the  resistance  due  to  friction  is  overcome,  it  follows  that  in  struc- 
tures where  stifTness  at  the  Joints  is  required,  rivets  should  be 
designed  on  the  basis  of  their  frictional  resistance  only,  and  no 
notice 'be  paid  to  the  bearing  and  shearing.  The  superior  stiffness 
of  old  plate  girders  is  most  likely  due  to  the  better  distribution  of 
stress  in  the  rivets  as  compared  with  lattice  trusses  or  other  forms 
of  construction. 

The  first  method  suggested  in  the  paper  to  remedy  the  supposed 
evil  is,  one  might  say,  economically  impracticable;  the  second  is 
more  reasonable,  for  the  concentrating  oi  the  rivets  as  much  as 
possible  is  the  way  to  minimize  the  danger. 

Perhaps  the  first  thing  to  discover  is  the  action  of  resistance  of 
the  rivets  in  a  Joint  when  subjected  to  repeated  loadings,  since  it 
is  with  structures  having  to  carry  moving  loads  that  loose  Joints, 
lack  of  rigidity  and  renewals  are  experienced,  whereas  structures 
supporting  a  permanent  load  are  seldom  if  ever  found  deteriorating 
even  when  greatly  over-loaded,  for  in  the  latter  case  the  providen- 
tial elasticity  of  steel  can  cover  a  multitude  of  errors  in  design. 

In  order  to  acquire  a  small  personal  experience.  Mr.  Duckworth 
and  the  writer  made  a  few  rough  experimental  tests  on  some  tension 
Joints  having  three  f  rivets.  The  spacing  of  the  two  end  rivets 
was  made  an  unreasonably  long  distance  from  the  next  rivet  in 
order  to  aggravate  the  unevenness  of  loading,  as  set  forth  in  the 
paper,  and  it  was  expected  that  by  applying  and  releasing  the  load 
a  number  of  times,  a  looseness  might  be  detected  by  tapping  the 
rivets,  but  at  a  load  which  stressed  the  rivets  to  20,000  pounds  per 
square  inch  when  assuming  all  of  them  to  be  evenly  stressed,  or 
30,000  pounds  per  square  inch  in  the  outer  rivets  when  considered 
according  to  the  arguments  set  forth  in  the  paper,  there  was 
absolutely  no  movement  or  slackness  detected! 

It  seems  probable  that  the  little  space  that  may  exist  between 
the  rivet  and  the  sides  of  the  hole  is  the  salvation  of  rivetted  Joints. 

In  conclusion,  some  apology  is  due  for  the  stand  that  this  dis- 
cussion takes,  in  presenting  arguments  on  both  sides  of  the  very 
intricate  problem  of  rivetted  Joints.  The  possible  solution  will  no 
doubt  be  arrived  at  by  thorough  and  exhaustive  experimental  work. 
Our  faith  in  most  of  the  existing  rivetted  bridges  would  be  severely 
shaken  if  the  rivets  were  as  unevenly  strained  as  the  paper  sug- 
gests. That  some  compensating  action  does  occur  is  universally 
believed,  and  yet,  that   such   overstraining   is   possible  to  a  small 
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extent  in  many  Joints  and  to  a  large  extent  in  others,  is  recognized,  Mr.  shMrwood 
and  it  seems  necessary  that  more  knowledge  should  he  had  on  this 
sabject,  which  is  becoming  more  and  more  important  as  the  sizes  of 
rivetted  structures  increase. 

Mb.  W.  R.  Duckwobth  (A.  Bl  Can.  Soc.  C.  R)— The  test  Mr. Duckworth 
referred  to  by  Mr.  Shearwood  was  made  with  3  z  I''  merchant 
plates  and  %"  rivets;  we  did  not  try  to  make  any  particularly 
well  matched  holes  by  reaming  out  We  took  the  Joint  into  the 
Montreal  Rolling  Mills  and  put  it  under  a  series  of  loads,  starting 
with  20,000  lbs.  We  loaded  fifteen  or  twenty  times,  each  time 
releasing  the  load  and  trying  the  rivets,  but  we  could  find  no  move- 
ment in  any  of  them.  We  continued  this  up  to  00,000  lbs.  We  had 
now  reached  the  elastic  limit  of  the  outside  hars,  and  there  was  a 
slight  vibration.  The  reason  for  this  was  that  the  material  was 
reduced  in  area. 

It  would  appear  that  friction  alone  held  these  plates  together 
until  the  elastic  limit  of  the  material  was  reached. 

It  occurs  to  the  writer  that  great  frictional  resistance  would  be 
obtained  if  the  surface  of  the  plates  which  come  into  contact  with 
each  other  were  not  painted;  if  tight  Joints  are  made,  and  the  edges 
of  the  connecting  pieces  are  well  painted,  no  benefit  would  seem  to 
be  derived  from  painting.  In  the  case  of  field  paint,  of  course  the 
surfaces  should  be  painted  to  prevent  rusting  before  being  rivetted 
together. 

Mr.  p.  B.  Motley  (M.  Can.  Soc  C.  E.) — ^There  is  one  important  ur.  Hotter 
conclusion  to  be  drawn  from  the  paper,  viz.,  that  rivetted  Joints 
should  be  broad  rather  than  long,  and  that  the  rivets  should  be 
grouped  at  both  ends  of  the  connection,  rather  than  concentrated 
in  the  centre  and  spread  out  towards  either  end.  In  applying  this 
to  ordinary  practice  in  structural  designing,  it  would  seem  that 
members  of  a  double  two-webbed  section,  rather  than  "  I "  section, 
should  be  used,  as  the  latter  usually  involves  a  comparatively  long 
connection. 

The  writer  agrees  with  the  statement  by  Mr.  Shearwood — that 
the  principles  involved  in  rivetted  connections  are  probably  assured 
by  the  fact  that  each  individual  rivet  has  a  small  clearance  around 
it  due  to  reduction  in  diameter  during  cooling,  which  allows  an 
equalizing  movement  to  take  place  among  the  rivets.  It  would 
have  been  interesting,  however,  if  some  of  the  experiments  had 
becu  made  with  reamed  holes. 

With  regard  to  rivetted  Joints  in  general:  The  writer  feels  that 
too  little  attention  is  given  to  the  form  of  rivet  head.  At  present 
most  specifications  make  no  reference  to  it,  and  the  form  of  head 


,^4  A 


■^^ i-  . 


286 


Discussion  on  the  Distribution  of 


Mr.  Motley  is  left  to  the  manufacturer.  The  height  of  the  rivet  head,  in  a  line 
coincident  with  the  circumference  of  the  hole,  should  be  such  that 
the  value  of  the  metal  in  shear  is  greater  than  the  tensile  value  of 
the  shank  of  the  rivet— moreover,  the  curve  of  the  head  should  be 
parabolic.  The  shank  of  the  rivet  is  at  present  made  cylindrical 
for  practical  reasons.  If  it  were  possible  economically  to  make 
holes  tapered  from  both  ends  Inwards,  it  seems  to  the  writer  that 
the  conditions  would  approach  the  ideal,  inasmuch  as  the  different 
component  plates  in  the  joint  would  be  pinched  one  against  another 
throughout  the  whole  thickness  of  the  connection,  instead  of  being 
pinched  at  the  two  outer  plates  only  ajs  at  present  with  cylindrical 
rivets.  Rivets  of  the  above  design  would  have  a  value  in  shear 
from  the  moment  of  driving,  as  well  as  a  frictional  value  between 
the  plates.  It  is  questionable,  however,  if  the  practical  objections 
against  such  rivets  could  be  easily  overcome  with  the  appliances 
at  present  in  use.  The  suggestion  is  made  for  the  sake  of 
discussion. 

Mr.Tye  Mr.  W.  F.  Tye   (M.  Can.  Soc.  C.  E.)— Has  no  effort  ever  been 

made  to  establish  what  the  amount  of  the  friction  really  is,  for  pur. 
pose  of  designing  from  considerations  of  friction  rather  than  those 
of  bearing  and  shearing  area? 

Mr.itockay  Mr.  H.  B1  MacKat  (A.  M.  Can.  Soc.  C.  E.)-— It  is  hard  to 
believe  that  resistance  in  a  rivetted  joint  is  entirely  due  to 
friction.  Frictional  resistance  cannot  always  be  the  govern- 
ing consideration  in  a  rivet  joint,  as  a  series  of  rivets,  many  of 
which  are  loose,  will  sustain,  without  disaster,  a  load  from  100%  to 
150%  above  what  they  should  carry,  according  to  ordinary  specifica- 
tion. At  present  the  rivetted  joint  is  capable  of  developing  the  full 
strength  of  the  members,  so  that  the  most  that  could  be  accom- 
plished by  the  practical  suggestions  offered  In  the  paper  would  be 
the  saving  of  a  few  rivets;  but  there  remains  the  fact  that  the 
saving  of  a  few  rivets  may  be  dearly  bought. 

Mr.Tye  The  author's  theory  would  mean  that  a  very  highly-loaded  rivet- 

ted member  would  be  more  or  less  constantly  increasing  in  length. 
The  application  of  a  heavy  load  would  result  in  some  permanent 
stretch,  and  there  would  be  no  recovery  of  that  permanent  stretch. 
There  would  be  a  certain  residual  strain  even  In  the  case  of  the 
smallest  load  which  would  not  be  recovered. 

In  plates  the  area  left  after  the  holes  are  cut  out  can  resist  a 
tensile  stress  relatively  greater  than  the  ultimate  strength  of  the 
plate.  The  remaining  section  would  carry  more  than  t:ie  same 
number  of  square  inches  in  the  original  plate  only  if  the  holes  were 
cut  out  symmetrically. 
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Mr.  W.  Chase  Thomson  (M.  Can.  6oc.  C.  E.)— The  small  clear-  Mr.  Thomson 
ance  around  the  shank  of  the  rivets  probably  provides  a  certain 
amount  of  adjustment,  which  allows  the  rivets  to  be  more  equally 
loaded  than  would  otherwise  be  the  case.  I  agree  with  Mr.  Motley, 
however,  that  Joints  should,  when  practicable,  be  broad  instead  of 
long.  But  present  specifications  generally  discourage  broad  joints 
by  permitting  the  rivets  to  be  spread  out  at  the  ends  of  a  connec- 
tion in  order  to  take  as  few  hcries  as  possible  from  the  gross  section. 
If  the  maximum  number  of  holes  were  required  to  be  deducted  from 
a  member,  the  tendency  would  be  to  make  the  Joints  shorter,  and 
tbus  to  load  the  rivets  more  equally. 

There  are  a  good  many  experiments  to  show  that  in  the  case  of  Mr.  Mackay 
angles  with  equal  legs,  and  connected  only  by  one  leg,  75  per  cent., 
or  thereabouts,  of  the  net  section  of  the  angle  would  be  developed. 
Where  the  legs  are  unequal,  and  attachment  is  made  to  the  longer  leg, 
a  higher  percentage  would  be  developed.  A  good  deal,  however, 
must  be  allowed  for  the  eccentricity  of  the  connection. 

Written  Discussion. 


Mr.  C.  R.  Young  (S.  Can.  Soc.  C.  E.)— Mr.  Shearwood's  statement  Mr.  Young 
that  the  recorded  permanent  slippings  shown  in  Figures  2  and  3  are 
not  in  accordance  with  one's  expectations  can  have  reference  to  Fig. 
3  only,  since  there  is  little  or  no  doubt  that  in  a  connection  of  the 
type  shown  in  Fig.  2,  the  rivets  are  stressed  equally,  and  tnerefore 
that  equal  permanent  slippings  should  result.  Professor  Boughton's 
demonstration,  to  which  reference  was  made  on  the  second  page  of 
the  paper,  shows  conclusively  that  in  an  ideally  constructed 
connection  all  inequality  of  stress  must  disappear  with  two  rivets, 
and  the  same  conclusion  was  reached  by  the  writer  in  a  different 
way.  Modern  shop  work  is  carefully  enough  done  to  give  a  close 
approximation  to  this  equality  of  stress  in  actual  connections. 

As  for  Fig.  3,  one  might  expect  the  permanent  slippings  at  the 
three  rivets  to  be  unequal,  but  the  writer  cannot  find  a  case  in  the 
records  of  Van  der  Kolk's  researches  at  hand  where  the  permanent 
slippings  were  not  essentially  equal  at  the  two  or  three  rivets  on  a 
given  side  of  the  splice.  This  is  a  significant  fact,  since  the  experi- 
ments were  numerous  and  very  carefully  conducted,  and  one  must 
conclude  that  some  action  takes  place  in  a  rivetted  connection  which 
results  in  an  equalization  of  the  permanent  slippings  at  the  various 
rivets.    What  this  action  may  be  does  not  readily  appear. 

Mr.  Shearwood's  suggestion  that  possibly  some  compensating 
action,  tending  to  equalize  the  stresses  on  the  different  rivets  of  a 
connection,   may   have   been   overlooked,   is   unfounded,    since   his 
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ur.Yoang  reasoning  is  based  upon  an  assumed  inequality  of  permanent 
slipping  which  is  not  sustained  by  experiment. 

The  manner  of  loading  the  specimens  and  observing  the 
slippingsin  Vander  Kolk's  experiments  was  as  follows: — The  loads 
applied  to  the  specimens  were  in  most  cases  increasing  multiples  of 
1375  pounds  per  square  inch  of  rivet-shearing  area.  After  the  first 
load  had  been  applied  the  slippings  at  all  rivets  were  measured  with 
a  micrometer.  The  load  was  then  released  and  the  measurements 
repeated  to  determine  the  amount  of  the  slipping  at  each  rivet 
which  disappeared  (the  elastic  slipping)  and  the  amount  which 
remained  (the  permanent  slipping).  An  increased  load  was  then 
{U)plied  and  the  operation  repeated  till  the  specimen  had  been 
stressed  well  over  its  ordinary  working  capacity. 

Concerning  the  design  of  rivetted  connections  by  fricUonal 
resistance,  of  which  Mr.  Shearwood  approves,  it  may  be  remarked 
that  this  is  the  method  in  general  use  in  Europe.  Bach,  for  example, 
in  Die  Machinenelemente,  treats  the  design  of  rivetted  joints  solely 
on  the  basis  of  frictional  resistance.  Practically,  it  makes  little 
difference,  however,  for  a  connection  designed  by  the  method  of 
shearing  and  bearing  values  is  substantially  the  same  as  if  designed 
by  the  more  logical  one. 

Mr.  Shearwood  criticism  of  the  present  practice  of  spreading  out 
rivets  at  the  ends  of  tension  members  to  save  weight  is  well- 
founded,  for  by  so  doing  designers  are  increasing  the  inequality  of 
stYess  on  the  rivets  of  the  connection  and  causing  the  end  rivets  to 
T>e  loaded  to  the  extent  of  loosening  them. 
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A  meeting  of  the  General  Section  was  held  Thursday  evening^ 
February  14,  Mr.  J.  G.  G.  Kerry,  Vice-President  of  the  Section,  in 
the  chair.  A  paper,  "An  Investigation  on  the  Value  of  the  Inden- 
tation Test  for  Steel  Rails,"  by  Mr.  H.  K.  Dutcher,  was  read. 

PAPm  Mo.  250. 

AN  INVESTIGATION  ON  THE  VALUE  OF  THE  INDENTATION 
TEST  FOR  STBEIL  RAILS. 

By  H.  K.  DuTCHER,  M.  Sc,  S.  Can.  Soc.  C.  E. 

This  paper  is  the  result  of  some  experiments  conducted 
during  the  year  1905-06  in  the  Civil  Engineering  Testing 
Laboratory  of  McGill  University,  with  a  view  to  determining  the 
value  of  the  indentation  test  for  steel  rails  in  regard  to  the 
essential  qualities  desired  in  service.  These  qualities  are  usually 
determined  by  subjecting  the  specimen  to  a  series  of  separate 
tests,  including  transverse,  tension,  and  impact,  in  addition  to  the 
chemical  analysis  made  from  time  to  time  to  ascertain  the  propor- 
tion of  carbon,  silicon,  manganese,  sulphur,  phosphorus,  and  any 
other  elements  which  might  affect  the  rail  one  way  or  another. 

A  study  of  this  particular  method  of  testing  steel  rails  was  sug- 
gested to  the  Author  by  watching  indentations  made  on  a  large 
number  of  steel  rail  sections  in  the  Testing  Laboratory  of  the  Uni- 
versity, under  the  direction  of  the  Chief  Engineer  of  the  Canadian 
Pacific  Railway  Company.  These  tests  were  made  with  a  spherical 
punch  ,1^"  in  diameter,  with  a  load  of  100,000  lbs.  supplied  by  the 
Emery  testing  machine  for  a  period  of  10  seconds  after  commencing 
to  load,  in  the  manner  expressed  in  Fig.  1. 
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The  indentation  was  measured  from  tlie  centre  surface  of  tl 
rail  with  an  instrument  reading  to  one-thousandth  of  one  inch. 
It  is  not  known  that  any  definite  or  satisfactory  results  we 
obtained  from  these  tests,  owing,  probably,  to  the  f&ct  that  tl 
diameter  of  the  indent  at  surface  of  specimen,  or,  in  other  word 
the  maximum  diameter,  should  have  been  measured  in  additi< 
to  the  indentation,  as  it  was  afterwards  found  by  the  Author  th 
this  is  the  factor  determining  the  relative  hardness  of  the  spec 
mens;  and  also  to  the  employment  of  the  Ehnery  machine  instei 
of  the  Wicksteed,  as  the  rate  of  loading  by  the  Bmery  machine  nu 
vary  oyer  rather  too  wide  a  range  for  satisfactory  results,  the 
being  a  tendency  to  exceed  the  load  desired  in  the  effort  to  secu 
a  balance.  *Thls  feature  in  the  loading  by  the  £mery  machine 
illustrated  by  Fig.  1.  Tests  were  made  by  the  Author  to  determii 
this  effect  by  applying  loads  as  near  as  possible  to  rates  of  5,0C 
10,000,  and  15,000  lbs.  per  second.  For  example,  100,000  lbs.  wou 
be  applied  at  a  fairly  constant  rate  in  10  seconds  and  then  droppe 
80,000  lbs.  for  8  seconds,  etc. 

It  may  readily  be  seen  by  referring  to  curyes  1,  2,  3,  4,  and 
how-  the  rate  of  loading  may  affect  the  indentation  made.  It  shou 
be  understood,  however,  that  this  effect  is  not  so  marked  with  i 
increase  of  time.  For  example,  a  certain  indentation  may  1 
obtained  by  applying  a  load  of  100,000  lbs.  in  10  seconds;  little  < 
no  difference  might  be  found  after  holding  the  load  on  for  5,  10,  ( 
possibly  20  seconds,  as  a  certain  projected  area  of  indent  may  ha^ 
been  reached  for  that  load  and  rate  of  loading,  after  which  tl 
metal  would  refuse  to  fiow.  It  is  in  the  rate  of  loading  while  tl 
metal  is  flowing  that  a  considerable  difference  may  be  obtained. 
Haying  ascertained  the  difficulties  in  tlie  use  of  the  Elme 
machine  for  indentation  testing,  it  was  decided  to  use  the  Wickste 
machine  for  the  indenting  of  the  rolled  steel  bars  which  had  be^ 
prepared  especially  for  this  investigation  by  the  Nova  Scotia  Ste 
Company.  They  were  2.5"  X  .75"  X  6'  In  size,  and  were  marked 
follows: 

1154  —  .10%  C. 

1154  —  .10%  C. 

2150  —  .20%  C. 

2150  —  .20%  C. 

1  —  .30%  C. 

2  —  .30%  C. 
1196  —  .40%  C. 
1196  —  .40%  C. 
2122  —  .54%  C. 
2122  —  .547o  C. 
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1063  —  .62%  C. 

3  —  .76%  C. 

4  — .75%C. 

5  —  .90%  C. 
5  —  .90%  C. 

The  percentage  carbon,  as  above  stated,  was  checked  at  the 
College  by  the  method  of  colour  analysis  with  the  following  results: 

1154  — .11%  C. 
2150  — .19%  C. 

2  — .25%C. 
1196  —  .42%  O. 
2122  —  .66%  C. 
1063  — .64%  C. 

3  — .»0%C. 
5  —  .96%  C. 

• 

It  may  be  seen  that  they  agree  fairly  closely  with  the  percent- 
ages marked,  with  the  exception  of  2  — .dO€.  and  2122  — .54  C, 
these  appearing  by  subsequent  test  to  agree  very  closely  with  the 
2150  — .20  G.  and  1063  — .62  C  As  the  method  of  colour  analysis, 
however,  is  not  as  satisfactory  as  a  full  chemical  analysis,  which 
was  out  of  the  question  for  all  the  specimens  in  the  time  available, 
these  bars  were  not  given  as  great  importance  as  the  others  in  the 
plotting  of  the  curves. 

A  piece  18"  long  was  cut  off  from  each  specimen  for  the  tension 
test.  The  remaining  lengths  were  then  subjected  to  transverse 
test,  resting  flat  on  supports  40"  apart,  the  load  being  api^ied  at 
the  centre  by  the  Emery  machine  bearing  the  bar  down  to  the 
point  of  yielding.  The  deflection  curves  obtained  for  the  different 
specimens  are  shown  on  curve  33  with  the  relative  condition  of 
yielding.  It  may  be  observed  on  reference  to  this  curve  that  some 
difficulty  would  be  experienced  in  determining  the  point  of  yield- 
ing, particularly  for  the  higher  carbons,  and  it  may  be  here  noted 
that  the  values  tabulated  farther  on  were  obtained  from  curve  33 
by  drawing  a  line  parallel  to  the  higher  carbons,  cutting  the  yield 
point  of  the  curves  at  a  distance  of  .1"  from  their  straight  course. 

The  value  of  Young's  Modulus  was  then  determined  both  from 
values  between  certain  loads  and  also  from  the  curves  "plotted,  the 
latter  being  taken  with  respect  to  consideration  of  the  different 
specimens  in  the  different  tests.  In  plotting  the  curve  through 
these  values  it  was  seen  that  a  constant  value  of  B  might  be  found 
for   the  steel    specimens    of   different  carbons.    The  tension  sped- 
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mens  were  then  broken  in  the  Wicksteed  machine,  the  hig^hei 
carbon  pieces  having  to  be  split  or  planed  down  for  the  purpose. 

It  was  difficult  to  obtain  accurate  stress  strain  curves  up  to  the 
elastic  limit,  owing  to  the  bars  slipping  in  their  grips.  CarefnJ 
note  was  made  of  their  respective  yield  points  and  maximum 
loads,  the  latter  values  being  uncertain,  however,  in  the  case  o\ 
the  .76  and  .90  carbon  specimens  owing  to  their  having  broken 
inside  the  grip.  The  stress  strain  curves  obtained  after  the  yield 
point  had  been  reached  are  shown  on  curve  34.  For  the  indenta- 
tion tests  the  pieces  tested  transversely  were  employed. 

In  addition  to  the  .75"  diameter  spherical  punch  three  othei 
types  were  made,  a  60*"  cone,  a  90*"  cone,  and  a  paraboloid  having 
in  a  plane  through  its  axis  a  curve  of  the  value  y  =  tt  x^  tliii 
value  being  desired  in  order  that  a  measure  of  the  indentatioxi 
would  also  be  a  measure  of  the  projected  area  of  indent  at  the 
surface  of  the  specimen,  it  being  found  that  this  is  the  necessary 
factor  in  determining  the  relative  degree  of  hardness  of  different 
specimens. 

It  was  found,  however,  impossible  to  maintain  the  initial  shape 
of  any  of  the  punches  under  the  severe  conditions  of  the  hardei 
specimens,  and  while  the  depth  of  the  indentation  was  measured 
it  was  done  more  with  a  view  to  checking  the  maximum  diametei 
of  the  indent,  or  as  a  means  of  noting  any  slight  variation  is 
diameter  hard  to  distinguish  by  a  scale. 

Considerable  difficulty  was  experienced  in  obtaining  the  propei 
temper  of  these  punches.  They  were  made  from  Novo  steel 
turned  to  the  required  shape  and  tempered  by  heating  in  covere<! 
crucibles  to  a  white  heat,  then  plunging  in  thick  oil  and  drawing 
out  by-  heating  again  to  a  dull  straw  colour. 

In  the  drawing  out  process  they  appeared  to  lose  temper,  then 
being  apparently  some  difficulty  in  obtaining  .Just  the  propei 
degree  of  reheating. 

Several  were  not  drawn  out,  but  failed  soon  by  cracking 
Reference  to  curves  18,  20,  and  21  will  show  the  original  desigi 
of  these  punches  and  their  change  in  shape  after  the  stated  timei 
of  service. 

It  would  seem  that  the  sphere  and  paraboloid  tend  to  retail 
their  original  shape  much  better  than  the  cone,  due  to  the  poin 
of  the  cone  being  under  much  more  severe  conditions  of  stresi 
than  the  other  two. 

It  may  also  be  observed  that  the  tendency  of  the  cone  curve  Ij 
to  gradually  approach  that  of  the  paraboloid,  while  the  paraboloic 
would  tend  to  assume  the  spherical  shape.  This  condition  is  exem 
plifled  farther  on  in  the  values  of  the  hardness  factor. 
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The  term  "Hardness  Factor"  should  be  here  explained  as  the 
value  obtained  by  dividing  the  projected  area  of  indent  at  surface  \ 

of  specimen  into  the  load  applied,  giving,  in  this  case,  the  value  I. 

of  the  hardness  factor  in  pounds  per  square  inch;  for  example,  an  j' 

area  of  .2  sq.  inches  obtained  with,  say,  a  .75"  sphere,  under  a  load  | 

of  80,000  lbs.,  would  give  a  hardness  factor  of  400,000  lbs.  per  sq.  |- 

inch;  with  a  load  of  40,000  lbs.  an  area  of  .1  sq.  inch  would  be 
expected,  though  the  value  Will  be  slightly  more,  as  will  be  noted 
and  discussed  farther  on. 

It  will  thus  be  seen  that  careful  ^measurement  of  the  maximum 
diameter  is  necessary,  as  the  area,  and,  consequently,  the  hardness 
factor,  would  vary  as  the  square  of  the  diameter. 

The  Wicksteed  machine  was  employed  throughout  the  indenta-  * 

tion  test  for  these  bars,  and  was  found  to  give  much  more  satis- 
factory results  than  the  Emery  machine,  a  uniform  loading  being 

obtained  by  setting  the  weight  at  the  desired  position  and  floating  '* 

the  lever  arm  by  the  hydraulic  pressure  from  the  accumulator,  the 
load  being  thus  never  exceeded,  while  the  rate  of  loading  may  be 
made  fairly  constant  by  watching  the  hydraulic  pressure  gauge. 

Two  indentations  were  made  with  each  punch  for  each  bar  at 
loads  of  40.000,  60,000,  80,000,  and  100,000  lbs. 

The  60**  cone  failed  after  a  few  trials,  and  further  experiments 
with  this  type  were  not  considered  advisable.  The  results  obtained 
with  the  .75"  D.  sphere,  the  90**  cone,  and  the  paraboloid  may  be 
found  tabulated  farther  on. 

Load-area  curves  for  the  different  specimens  are  shown,  plotted 
from  the  values  obtained  from  load-indentation  curves.  The 
respective  values  of  the  hardness  factors  are  shown  on  curves  38, 
39,  and  40.  It  will  be  observed  that  the  hardness  factor  rises 
slightly  with  the  load,  the  rise  in  the  curve  being  more  pro- 
nounced in  the  harder  specimens  of  higher  carbons,  though  several 
of  the  lower  carbon  specimens  appear .  to  have  curves  rising 
considerably  with  the  load,  but  this  may  be  explained  by  the  fact 
that  particularly  in  the  case  of  the  .10%  carbon  the  flow  of  metal 
tended  to  cease  on  the  punch  approaching  the  under  side  of  the 
bar,  when  with  a  deeper  bar  it  would  have  continued  flowing. 

It  is  believed  that  the  slope  of  this  hardness  factor  load  curve  ! 

bears  a  definite  relation  to  the  percent  elongation  in  the  tension 
test,  the  harder  and  less  ductile  the  specimen  the  greater  the  slope. 
With  the  specimens  at  hand  it  was  not  possible  to  investigate  this 
relation  more  fully.  Again,  the  area  obtained  in  the  use  of  the 
different  punches  under  the  same  load  would  vary  slightly  with 
tne  co-efficient  of  friction  between  the  surface  of  the  punch  moving 
along  and  against  the  surface  of  the  specimen,  the  effect  of  the 
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friction  would  vary  with  the  shape  of  the  punch,  and  the  co-efflci( 
would  vary  with  the  degree  of  hardness  of  the  punch  relative 
the  specimen  indented.  This  effect  may  be  seen  on  referring 
the  indentation  test  sheets  farther  on,  where,  in  the  use  of  t 
different  punches  in  the  case  of  the  cone  and  paraboloid 
obtaining  four  indentations  for  one  load,  a  distinct  differei 
may  be  noted  in  the  results  obtained  in  the  two  cases,  due  in 
large  measure  to  the  difference  in  the  friction  co-efficients  of  \ 
two  punches  of  different  hardness. 

It  is  the  purpose  of  the  Author  to  take  up  at  a  later  perloc 
more  careful  dtudy  of  these  effects,  dwelling  in  particular  upon  1 
theory  of  these  experiments  in  regard  to  the  flow  of  solids. 

Curves  41  and  42  serve  to  indicate  the  relation  between  1 
yield  point,  maximum  load,  percent  reduction  in  area,  and  percc 
•elongation  in  the  tension  test  to  the  hardnei^  factors  obtained 
the  indentation  test  with  the  different  punches.  The  values  of  \ 
hardness  factors  obtained  by  the  90*"  cone  and  paraboloid  i 
almost  identical,  while  those  obtained  by  the  .75"  D.  sphere  i 
lower. 

It  was  intended  to  experiment  also  with  a  sphere  .5'' 
diameter  to  determine  more  definitely  the  relation  of  the  hardn< 
factor  to  the  diameter  of  the  indenter.  It  was  found  impossit 
however,  to  obtain  this  punch  in  time  for  service,  but  it  is  certa 
that  it  would  give  a  higher  value  of  hardness  factor  than  the  .' 
diameter  sphere,  as  seen  in  the  higher  values  obtained  in  the  ci 
of  the  paraboloid. 

Pr9m  the  curves  the  yield  point  appears  to  vary  directly  as  1 
hardness  factor,  .150  of  its  value  in  the  case  of  the  .75"  sphe 
and  .143  in  the  case  of  the  cone  and  paraboloid,  and  probably  V4 
close  to  this  value  in  the  case  of  a  sphere  .5"  diameter.  The  ma 
mum  load  curve  is  a  straight  line  up  to  a  hardness  factor  of  ab< 
425,000  lbs.,  then  bends  over  to  meet  the  yield  point  for  higl 
carbons. 

The  percent  elongation  curve  may  also  be  fairly  tal 
as  straight  from  200,000  lbs.  hardness  factor  —  .10%  carbon  steel 
to  450,000-  lbs.  hardness  factor  —  about  .70%  carbon  steel,  having 
value  of  about  (59  —  .000109  H)  for  the  .75"  sphere  and  (61 
.000111  H)  for  the  90**  cone  and  paraboloid,  H  being  the  hardn 
factor  in  each  case.  Refer  to  curve  44  and  curve  45  for  tabula 
results. 

Coming  now  to  the  relation  between  the  percentage  carl 
and  hardness  factor  (curve  43),  as  obtained  by  the  sphere,  co 
and  paraboloid,  it  would  seem  that,  other  conditions  being  eqi 
the  percentage  of  carbon  varies  directly  as*  the  hardness  fac 
for  steel,  running  up  to  about  .90%. 


V  .-■     . 


the  Indentation  Test  for  Steel  Rails 


5» 


With  a  farther  increase  of  carbon  a  maximum  hardness  factor 
would  soon  be  reached  and  the  curves  would  then  tend  to  bend 
down. 

*ro  illustrate  the  practical  value  of  this  relation  it  is  interesting 
to  refer  to  a  test  made  on  a  piece  of  rail,  broken  while  in  service 
on  the  Grand  Trunk  Railway  line  and  sent  to  the  laboratory  ta 
ascertain,  if  possible,  the  cause  of  its  failure.  A  traverse  test  was- 
made,  giving  a  normal  value  by  Young's  Modulus.  Indentations 
were  then  made  giving  a  value  of  427,000  lbs.  i>er  sq.  in.  for  a  hard- 
ness factor,  with  a  load  of  80,000  lbs.,  using  the  .75  inch  sphere. 
Indicating  from  curve  43  a  probable  percentage  of  carbon  present  of 
about  .68.  A  chemical  analysis  subsequently  made  gave  from  .66  ta 
.70%  carbon,  with  .60%  phosphorus,  .78%  manganese,  and  .07% 
silicon. 

McGILL  UNIVERSITY 

Department  of  Civil  EvgineeHng — Testing  Laboratory 

Indentation  Test 

i>a/€.— February  15th,  1906.     y ame. of  Observer. —U.  K.  D. 
Specimen. — 80  lb.   steel   rail  from   Grand  Trunk   Railway  Co.     Broken 
while  in  place  on  line. 

Indenter. — Sphere  .75"  D.     Machine  used. — Wick  steed. 
Method  of  Test. — Indentations  made  on  top  and  bottom. 


DIAMETER 

AREA 

HARDNES8 

LOAD 

INDENTATION 

(iDCfaCS) 

OF  INUKKT  AT 
8URFACB  OF 

OF  IKDKKT  AT 
8URFACB  OF 

FACTOR 
H 

REMARKS 

(Lbs.) 

8PKCIMBN 

BPBCIMKN 

(LbB.  per 

(iDches) 

(8q.  lucbea) 

8q.  Inch) 

60,000 

.057 
.057 
.055 

Bottom 
Top 

.066 

.426 

.1418 

427,000 

«» 

80,000 

.076 
.075 
.077 

Bottom 

.079 

.490 

.1885 

427,000 

n 

100,000 

.101 
.102 
.103 

Top 

Bottom 

.103 

.545 

.2332 

432,000 

i< 

Although  this  may  reasonably  be  termed  an  exceptionally  close 
coincidence,  yet  an  indentation  test  made  on  this  specimen  in  the 
shops  would  have  given  a  value  of  hardness  factor  to  at  least  sug- 
gest the  presence  of  a  rather  higher  percentage  of  carbon  than 
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would  be  desired,  or  a  condition  equivalent  to  such,  in  regard  to  tl 
other  elements. 

It  is  believed  that  Brinell,  of  Sweden,  was  the  first  to  investiga 
this  method  of  testing  iron  and  steel,  having  published  a  pap 
on  the  subject  about  five  years  ago. 

His  term  of  "Hardness  Factor"  was  obtained  by  dividing  t] 
area  of  the  concave  surface  of  the  indent  into  the  load  inste; 
of  the  area  of  the  projection. 

He  also  obtained  the  •  yield  point  and  percent  elongation  1 
separate  experiments,  rather  than  direct  reference  to  the  hardne 
factor  as  herein  attempted. 

According  to  him  no  method  purporting  to  determine  hardne 
is  to  be  considered  suitable  for  practical  use  unless  fulfilling  t 
following  requirements: 

1.  It  must  give  trustworthy  results. 

2.  It  must  be  easy  to  learn  and  apply. 

3.  There   should    be    no    necessity   for   costly    or   time-wastii 
mechanical  treatment  of  the  material  previous  to  testing. 

4.  The  testing  medium  for  forcing  into  the  material  should 
cheap,  easy  to  obtain,  incapable  of  altering  its  shape,  and 
sufficient  hardness. 

5.  The  method  should  admit  of  testing  finished  articles  as,  f 
example,  armour  plates,  rails,  etc. 

6.  The  testing  results  should  be  indicative  of  the  absolute  har 
ness  of  the  material  tested,  defining  the  term  "hardness*' 
the  resistance  offered  by  a  solid  substance  to  the  entran 
of  another  substance  into  it 

He  found  that  a  decrease  in  the  size  of  the  sphere  gave  high 
values  of  hardness  factor  with  more  pronounced  difTerenc 
between  the  specimens  of  different  carbons. 

Also,  that  the  value  of  the  hardness  factor  for  a  given  specim< 
rose  slightly  with  the  loads  applied. 

These  results  agree  with  those  herein  described,  with  the  har 
ness  factor  obtained  by  dividing  the  load  by  the  area  of  projects 
of  indent,  and  it  would  seem  that  the  hardness  factor  obtained 
this  manner  would  be  simple  and  satisfactory  for  the  testing 
steel  rails,  while  its  relation  to  other  factors  in  their  manufactu 
could  be  better  established,  in  the  plant  than  in  the  Ck>lle 
laboratory. 

In  conclusion,  on  summarizing  the  results  of  this  investigate 
it  would  seem  that: 
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1.  The  hardness  factor  as  herein  obtained  would  be  a  satisfaotory 
expression  of  hardness. 

2.  The  yield  point  in  the  tension  test  may  be  expressed  in  terms 
of  the  hardness  factor  H.  of  the  indentation  test,  the  value  of 
this  expression  being  about  .150  H.  for  a  sphere  .75"  diameter 
and  .143  H.  for  a  90**  cone  or  paraboloid  y  =  tt  x*. 

3.  The  percent  elongation  of  the  tension  test  for  steel  up 
to  about  .65%  carbon  may  be  expressed  in  terms  of  the  hard- 
ness factor,  the  value  of  the  expression  being  (59  —  .0001<^  H) 
for  a  sphere  .75"  diameter  and  (61  —  .000111  H)  for  a  90*  cone 
or  paraboloid  y  =  r  x*. 

4.  The  value  of  the  expressions  in  (2)  and  (3)  would  vary  slightly 
with  the  type  of  indenter  and  the  manner  of  applying  the  load. 

5.  For  the  testing  of  specimens  having  a  wide  range  of  hardness 
the  paraboloid  y=:7rx'  would  be  found  very  satisfactory. 

0.  For  the  testing  of  steel  rails  hard  steel  balls  of  from  .75"  to  .5" 
diameter  would  be  found  most  suitable,  using  loads  of  100,000 
lbs.  for  the  .75"  diameter  to  loads  of  50,000  lbs.  for  the  .5" 
diameter  indenter,  and  for  the  larger  loads  using  a  Wicksteed 
type  of  machine  or  one  similar  In  principle  of  loading. 

7.  A  higher  value  of  hardness  factor  would  be  obtained  in  the  use 
of  a  smaller  sphere. 

8.  A  higher  value  of  hardness  factor  would  be  obtained  by  using 
the  same  sphere  with  a  heavier  load. 

9.  The  slope  of  the  load-hardness  factor  curve  may  be  employed 
to  obtain  an  expression  for  the  ductile  properties  of  the 
specimen. 

10.  The  indentation  test,  when  supplemented  by  other  tests  from 
time  to  time,  would  be  a  very  convenient  and  practical  method 
of  inspecting  the  quality  of  an  output  of  steel  rails. 
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DISCUSSION. 

Mr.  Brown  Mr.  E.  Brown  (A.  M.  Can.  Soc.  C.  E.)— Mr.  Dutcher  has  referr 

to  the  merits  of  different  testing  machines  in  carrying  out  indent 
tion  tests,  and  perhaps  a  few  words  may  be  appropriate  regardi 
the  machines  used. 

The  Emery  testing  machine  was  tried  first,  but  its  use  w 
abandoned  in  fayor  of  the  Wicksteed  machine. 

In  each  machine  the  load  is  applied  by  hydraulic  pressure,  b 
the  method  of  recording  the  load  is  essentially  different.  ' 
obtain  satisfactory  results,  which  will  enable  comparisons  of  t 
indentation  effects  to  be  made,  any  assigned  maximum  load,  s 
100,000  lbs.,  must  be  applied  at  a  uniform  rate.  The  maximv 
load  and  the  rate  of  application  are  more  easily  controlled  in  t 
Wicksteed  than  in  the  Emery  machine,  and  for  these  reasons 
was  used  in  the  tests.  In  the  Emery  machine  the  load  is  measur 
by  a  system  of  small  weights  operating  on  a  multiple  lever  havii 
a  multiplication  of  400,000  to  1;  the  whole  measuring  apparat 
being  enclosed  in  a  case  about  4  feet  long  and  3  feet  deep.  T 
load  being  set  to  any  required  maximum,  the  hydraulic  pressu 
is  applied.  The  indicating  lever  is  very  sensitive,  and  it  is  n 
easy  to  regulate  the  hydraulic  pressure  so  as  to  bring  the  leve 
to  a  balance  exactly  at  the  load  desired.  The  load  may  be  exceed 
considerably,  more  especially  when  it  is  applied  rapidly,  as  in  the 
tests. 

On  the  Wicksteed  machine,  however,  the  recording  apparat 
consists  of  a  h^vy  beam  resting  on  a  knife  edge  and  carrying 
weight  of  2,000  lbs.,  which  can  be  moved  along  the  beam  into  poi 
tions  to  correspond  with  different  loads.  There  is  thus  a  considc 
able  amount  of  inertia  to  overcome,  and  the  load  being  set  at  t 
desired  amount,  the  hydraulic  pressure  can  be  shut  off  almc 
exactly  when  the  beam  slowly  lifts  to  the  position  of  balan^ 
By  placing  the  travelling  weight  in  successive  positions  com 
ponding  to  loads  increasing  10,000  lbs.  at  a  time  up  to  100,000  lb 
and  balancing  the  beam  by  the  hydraulic  pressure,  the  pressu 
gauge  attached  to  the  ram  was  calibrated.  A  fairly  uniform  ra 
of  application  of  the  load  was  then  obtained  by  admitting  t 
pressure  to  the  ram,  so  as  to  cause  the  gauge  pointer  to  mo 
uniformly  over  the  calibrated  range. 

Mr.  Kerry  ^^  ^-  ^'   ^'  KERRY   (M.  Can.  Soc.  C.  B.)— With  regard  to  t] 

relation  which  Mr.  Dutcher  appears  to  have  established  betwe 
the  area  of  the  indentation  and  the  indenting  force,  it  does  n 
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appear  from  any  experiments  yet  made  that  the  projection  of  area 
will  be  exactly  proportional  to  the  force.  For  example,  in  the  case 
of  a  cone  being  forced  down  to  the  steel,  will  not  the  force  increase 
more  rapidly  than  the  area  of  the  indent? 

At  the  moment  the  speaker  does  not  feel  able  to  advance  any '•''•  ^*'**''** 
scientific  reasons.  Steel  behaves  in  different  ways,  according  to  the 
form  of  punch  employed.  A  punch  with  a  sharp  point  like  a  cone, 
when  applied  with  force  to  the  steel,  would  cause  a  more  sudden 
flow  of  the  metal  than  a  punch  with  a  more  rounded  surface,  and 
the  nature  of  the  steel  into  which  it  was  penetrating  would  be 
altered  considerably.  The  results  must  be  the  outcome  of  conditions, 
which  may  vary  materially  according  to  the  form  of  the  punch 
employed. 

Mb,  Henbt  Holgate  (M.  Can.  Soc.  C.  E.)— The  paper  is  cleverly  M""-  Hoigat© 
worked  out,  but  gives  very  little  that  is  of  direct  commercial  value 
or  of  practical  application.  There  have  been  many  tests  of  steel 
rails  made  in  England,  and  Sandberg  is  regarded  as  one  of  the 
pioneers  in  such  work.  If  this  paper  had  given  the  results  of  tests 
in  relation  to  the  chemical  structure  of  the  rail  and  the  method  of 
manufacture,  it  might  have  helped  at  the  present  time  when 
Canadian  rails,  the  use  of  which  the  tariff  almost  compels,  are  some- 
what unsatisfactory.  Quite  recently  a  rail  on  the  G.  T.  Ry.,  either 
Bessemer  or  open  hearth,  gave  way  and  trouble  is  constantly 
occurring  where  Canadian  rails  are  in  use.  A  better  knowledge 
of  their  chemical  composition  might  lead  to  an  improvement  in 
their  quality. 

There  is  undoubtedly  something  curious  in  the  composition  of 
steel  rails.  In  1878  our  company  used  steel  rails  made  by  the 
Dowlais  and  Barrow  Companies.  Those  made  by  the  former  com- 
pany did  not  break,  in  fact  their  rails  laid  in  that  year  and  in  1S76 
are  still  in  use,  and  for  twenty  years  they  were  under  heavy  traffic. 
It  is  true  that  wheel  loads  then  were  lighter,  but  rails  now  being 
made  will  not  stand  such  treatment.  The  great  increase  in  rolling 
stock  calls  for  heavier  rails,  and,  of  course,  the  lighter  rolling  stock 
was  in  favor  of  the  rails  of  the  earlier  period. 

Hardness  is  not  everything.  The  rails  should  be  homogeneous, 
which  at  present  they  are  not. 

All  rails  of  whatever  make  seem  to  be  unsatisfactory  at  present.  Mr.  Kerry 
It  is  difficult  to  say  whether  this  is  due  to  economic  reasons  or 
through  lack  of  rolling.    The  Railway  Commission  does  not  seem 
to  have  as  yet  attended  to  this  question. 

Some  of  the  steel  rail  manufacturers  have  adopted  a  cooling  Mr.  Hoigatc 
process  by  turning  a  jet  of  water  on  the  head  of  the  rail  as  it 
through  the  rollers.    This  is  done  in  order  to  equalize  the 
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contraction  in  the  rail.  It  helps  to  keep  the  temperatures  as  neai 
as  possible  equal  in  the  web  and  in  the  flange,  which  are  thini 
than  the  head. 

Mr.  Kerry  Mr.  Sandberg  is  the  only  man  .who  has  really  done  anythi 

to  improve  the  wearing  quality  of  the  rail»  but  his  is  a  patent 
process. 

The  committees  appointed  from  the  Maintenance  of  W 
Association  to  investigate  the  whole  subject,  have  not  succeed< 
BO  far,  In  throwing  any  light  on  present  dlflaculties  which  are  u 
confined  to  rails,  but  are  found  in  a  great  many  other  hea 
sections. 

There  was  evidence  lately  that  the  material  used  in  the  heavi 
sections  was  not  nearly  so  good  as  that  steel  used  in  the  light 
sections,  which  had  been  better  rolled. 

Mr.Mackay  Mr.  H.  M.  Mackay  (A.  M.  Can.  Soc.  C.  E.)— The  very  fidelity  wj 

which  the  hardness  factor  is  worked  out  by  Mr.  Dutcher,  indicat 
that  the  carbon  content  is  perhaps  one  of  the  least  encouragi; 
features  of  the  test  from  the  point  of  view  of  commercial  vali 
Probably  the  only  variable  constituent  in  the  specimens  tested  w 
the  carbon,  and  hence  the  hardness  factor,  as  deduced  by  t 
author,  indicates  to  but  a  very  slight  extent  the  percentage  of  oth 
components  present.  It  would  seem  desirable  to  have  similar  tei 
made  with  specimens  in  which  the  phosphorus  varied  through 
considerable  range,  and  also  with  steel  rolled  and  finished  at  d 
ferent  temperatures.  Should  it  appear  that  the  hardness  fact 
indicated  such  variations,  it  might  be  of  considerable  value  as 
index  of  the  toughness  of  the  metal  and  of  its  probable  wear! 
qualities.  The  test  is,  however,  confined  to  the  surface  of  the  rs 
and  does  not  indicate  the  homogeneousness  of  the  metal,  as  t 
greatest  variation  in  that  respect  would  no  doubt  occur  at  t 
centre. 

Mr.  Kerry  The  difficulty  would  be  to  distinguish  between  hardness  whi 

was  chemically   produced   and   the   hardness  produced   by  rollii 
The  hardness  produced  chemically  might  be  valueless  as  far 
use  in  the  track  is  concerned. 

Mr.  Hoi»at«  The     greatest     percentage     of     flaws     is     due     more     to     t 

chemical  composition  of  the  metal  than  to  the  rolling  in  the  mil 
because  mosl  of  the  fractures  occur  straight  across  the  rail. 

Mr.  Kerry  It  is  fairly  Well  kuown  that  the  rails  formerly  In  use  were 

exceedingly  bad  composition,  and  those  which  gave  excellent  » 
vice  on  the  track,  chemical  analysis  showed  to  carry  a  very  lar 
quantity  of  phosphorus  and  sulphur. 

It  has  always  been  the  contention  of  the  railway  men,  that  t 
grain  of  the  metal  should  be  fine  and  uniform  and  that  this  resi 
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cannot  be  obtained  with  the  rapidity  called  for  by  the  mills  in  hand- 
ling the  steel  from  the  furnaces  to  the  finished  rail;  but  they 
cannot  persuade  the  manufacturers  to  accept  that  view. 

Experiments  were  made  to  prevent  the  finishing  of  the  rails  at 
too  high  a  temperature,  but  without  satisfactory  results.  Attempts 
have  also  been  made  to  introduce  an  alloy  into  the  steel;  the 
Montreal  Street  Railway,  for  instance,  have  introduced  a  manganese 
steel.  The  railway  world  does  not,  as  yet»  regard  rails  manufactured 
in  this  way  as  satisfactory. 

A  large  number  of  rails  at  present  made  fail  from  what  is 
known  as  "black  heart."  The  rails  get  red  in  the  centre  and 
gradually  split  down  the  centre  of  the  web  to  the  head. 

Chemical  analysis  shows  that  these  rails  have  a  satisfactory 
chemical  composition. 

This  class  of  failure  was  the  chief  difficulty  with  rails  made  in  Mr.  Hoigato 
1885,  rolled  from  so-called  toughened  steel.    They  were^  inspected 
under  Mr.  Sandberg's  supervision,  and  some  of  his  writings  bear 
on  that  point. 

With  regard  to  the  presence  of  anything  in  the  nature  of  a  .Mr.  Krown 
flaw  in  the  ingot,  and  to  its  subsequent  appearance  throughout 
the  length  of  a  rail  rolled  from  such  an  ingot,  recently  the  frac- 
tured cross-section  of  a  bar  about  one  inch  in  diameter,  which  had 
been  rolled  from  old  steel  rails  fagotted  together,  on  examination 
showed  in  cross-section  distinctly  visible  two  small  rails,  perfectly 
formed,  each  about  one-quarter  of  an  inch  deep.  The  heating  and 
rolling  had  not  affected  their  shape,  nor  produced  any  effective 
bonding  between  the  rail  surfaces. 

Mb.  W.  J.  Francis  (M.  Can.  Soc.  C.  E.)— The  two  necessary  quali-  Mr.  Francis 
ties  of  steel  are  hardness  and  toughness.  Hardness  is  largely 
determined  by  chemical  analysis.  Rolling  is  not  always  at  fault. 
The  old  rails  used  by  the  G.  T.  R.  have  never  been  excelled,  whereas 
the  rails  of  the  C.  P.  R.,  such  as  those  at  Crow's  Nest  Pass,  which 
received  the  best  attention  of  the  engineers,  are  the  worst  in  use. 

The  serious  trouble  with  steel  rails  began   when  the  heavier  Mr.  iioigatc 
sections  came  in. 

The  introduction  of  heavier  sections  was  coincident  with  great  Mr.  Kerry 
commercial  depression.  The  price  was  run  down  to  the  lowest 
figure,  and  every  method  adopted  to  reduce  the  cost  of  production. 
Rails  then  cost  only  $18,  whereas  at  present  they  are  $30,  a  ton. 
The  manufacturer  could  no  doubt  produce  a  satisfactory  rail  if  the 
railway  management  would  meet  his  price.  On  the  other  hand,  the 
life  of  such  rails,  being  better  worked  and  finished,  is  naturally 
much  longer,  and  therefore  the  manufacturer  is  not  anxious  to 
meet  the  demand. 
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In  one  aspect  the  proportional  seriouBness  of  the  situation 
not  as  great  as  one  would  think.  The  actual  number  of  i 
failures  compared  to  the  number  of  rails  in  track  is  really  ▼ 
small. 

WBITTXN  DISCUSSION. 

Mr.  uacnienoB  Mr.  D.  MacPhebson  (M.  Can.  Soc.  C.  E.) — ^These  experime 
seem  to  prove  that  indentation  tests,  if  carefully  made,  give  valus 
evidence  as  to  the  probable  durability  or  wearing  power  of  ra 
but,  in  the  writer's  opinion,  the  "hardness  factor,"  as  descrl 
in  the  paper,  should  have  its  variable  elements  eliminated 
measured,  so  that  it  would  be  a  definite  measure  of  hardness. 

It  is  given  by  the  author  of  the  paper  as  "The  value  obtained 
dividing  the  projected  area  of  indent  at  surface  of  specimen  ^ 
the  load  applied,"  but  he  states  that  the  indentation  varies  ^ 
the  rate  of  loading;  also  with  the  size,  shape,  and  degree  of  ha 
ness  of  the  indenting  tool.  It  is  to  be  hoped  that  the  author  ^ 
continue  his  interesting  investigations  until  he  has  formulates 
more  exact  "hardness  factor." 

Be  p<»nnaiicnt"        The  meeting  voted  to  appoint  Professor  Kerry  a  committee 

Com  ml  LI  en  ou 

n;Y::!'*'""'         one    to   report,   at   the   next   general   section   meeting,    upon 
advisability  of  appointing  a  permanent  committee,  whose  funct 
would  be  to  report  to  the  Society,  from  time  to  time,  on  the  quest 
of  rails. 
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MECHANICAL   SECTION. 

President— R.  J.  Dublbt. 
Vice-President— W.  Kennbdt,  Jb. 

A  meeting  of  the  Mechanical  Section  was  held  on  Thursday, 
28th  February,  at  8  p.m..  Professor  R.  J.  Durley,  President  of  the 
bection,  in  the  chair.  In  the  absence  of  the  author,  the  paper  "Gas, 
Gas  Engines,  and  Gas  Producers'*  was  read  by  Mr.  J.  W.  Hayward. 
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GAS,  GAS  ENGINES,  AND  GAS   PRODUCERS. 
Bir  J.  Seton  Gray,  S.  Can.  Soc.  C.  E. 

The  thermal  efficiency  of  a  modem  steam  plant  is  about  10%,  and 
that  of  a  gas  engine  plant  about  20%.  This  is  the  principal  reason 
for  the  large  amount  of  work  that  has  been  done  in  recent  years  on 
the  gas  engine. 

Again,  while  gas  can  be  manufactured  in  a  gas  producer  for  about 
three  cents  per  1,000  cubic  feet,  city  lighting  gas  costs  between  60 
and  100  cents  per  1,000  cubic  feet.  This  explains  why  so  much  atten- 
tion is  being  paid  to  the  development  of  the  gas  producer  for  the 
making  of  power  gas. 

The  many  methods  adopted  for  the  production  of  power  gas  may 
be  divided  into  three  general  classes: 

1.  When  a  carbonaceous  substance  such  as  coal  is  heated  in  a 
closed  retort,  gases  are  given  oft  which  may  be  collected  and  used 
for  power.  This  method  is  that  at  present  in  use  for  the  manu- 
facture of  illuminating  gas. 

2.  If  steam  be  blown  through  a  mass  of  incandescent  fuel,  a 
combustible  gas  is  produced.  In  this  process  the  fuel  is  kept 
incandescent  by  a  blast  of  air,  the  steaming  and  blowing  periods 
being  intermittent. 

3.  If  steam  and  air  together  be  uninterruptedly  blown  into 
incandescent  fuel,  a  gas,  containing  hydrogen  and  carbon  monoxide, 
is  produced  continuously.  The  amounts  of  steam  and  air  are  regu- 
lated so  as  to  keep  the  fuel  at  a  fairly  constant  temperature. 
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Gas  produced  by  the  first  method,  while  generally  of  high  cal( 
iflc  value,  is  costly,  as  already  mentioned.  Water  gas,  produced 
the  second  method,  is  much  cheaper;  but  as  it  contains  mu 
hydrogen  it  is  a  very  inflammable  gas,  and  on  this  account  cannot 
used  with  the  high  compression  pressures  now  employed  in  g 
engine  practice.  These  high  pressures  are  necessary  If  a  hi 
efficiency  is  required  of  an  engine. 

The  third  method,  however,  gives  a  cheap  gas,  well  suited  for  g 
engine  work,  and  will  be  treated  more  fully  in  this  paper. 


Fig.  1. 


Nearly  all  fuels  containing  carbon  can  be  used  for  the  produ 
tion  of  producer  gas.  It  must  be  noted,  however,  that  if  the  gas 
to  be  used  in  a  gas  engine  cylinder,  it  must  be  of  uniform  qualil 
It  must  also  contain  no  tar  or  other  impurities  if  trouble  with  t 
valves  is  to  be  avoided. 

To  Mr.  Dowson  we  owe  the  first'  successful  producer  gas  plai 
His  plant  was  designed  to  work  with  anthracite  coal.  This  coal 
non-caking,  and,  being  nearly  pure  carbon,  contains  very  few  co 
densible  hydrocarbons  or  tar.  It  Is  therefore  an  ideal  fuel  for  t 
gas  producer. 
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As  this  produGuer  embodies  the  fundannental  principles  necessary 
for  the  production  of  gas  from  solid  fuel,  it  will  be  described  here. 

Fig.  1  is  a  diagrammatic  section  of  a  Dowson  Gas  Producer, 
taken  from  "The  Gas  and  Oil  Engine,"  by  D.  Clerk.  As  may  be 
seen,  the  producer  consists  of  a  cylindrical  casing  A,  lined  with 
fire-brick,  and  having  at  the  bottom  fire  bars  B,  above  a  closed  ash 
pit  C.  The  upper  part  of  the  generator  is  closed  by  a  metal  plate 
on  which  is  mounted  a  fuel  hopper  D,  having  an  internal  bell  valve 
E  operated  from  the  outside. 

To  begin  operations,  the  upper  cover  is  removed  from  the  hop- 
per D,  the  bell  valve  is  opened;  a  fire  is  built  upon  the  bars  B,  and 
air  forced  through  it  by  the  steam  jet  N  and  the  pipe  P.  Fuel 
is  slowly  a&ded  from  above  till  the  whole  mass  is  incandescent  and 
fills  the  producer  to  a  depth  of  about  18  inches  at  least.  During 
this  heating  process,  gases  are  given  off  by  way  of  the  open  hop- 
per and  are  ignited  t&ere.  Care  must  be  taken  not  to  inhale  this 
gas.  (It  contains  much  CO  and  is  very  poisonous,  but  when  burned 
it  is  harmless.)  When  the  fuel  is  incandescent  the  inner  and  outer 
valves  of  the  hopper  are  closed,  and  the  gas  flows  by  a  pipe  through 
cooling  and  scrubbing  devices,  finally  finding  its  way  to  the  gas 
holder  through  the  coke  scrubber  formed  within  it.  From  the  gas 
holder  the  gas  flows  through  another  scrubber,  as  shown  by  the 
arrow,  and  thence  to  the  engine. 

In  1895  Renier,  a  Frenchman,  after  much  experimental  work 
with  a  Dowson  Gas  Producer,  succeeded  in  making  the  engine  draw 
its  own  supply  of  gas  direct  from  the  gas  generator,  without  the 
use  of  a  gas  holder.  While  this  plant  was  not  a  commercial  success, 
it  was  the  forerunner  of  the  modern  suction  gas  producer. 

The  Dowson  Gas  Producer  has  already  been  described.  The 
following  is  a  description  of  a  suction  gas  producer;  the  difference 
between  the  two  systems  may  be  seen  from  the  descriptions:  The 
drawing  (Fig.  2),  shows  the  general  construction  of  this  piece 
of  apparatus.  To  set  it  in  operation  a  fire  is  built  on  the 
grate.  The  door  at  the  front  of  the  producer  allows  this  to  be 
easily  done.  A  quantity  of  parafflne  waste,  or  other  combustible 
material,  is  placed  inside  the  generator,  and  lighted.  Broken  wood 
is  then  added  through  the  hopper  at  the  top,  and  this  is  followed  by 
coal  until  a  bright  fire  is  bui^ning.  The  air  for  combustion  Is  sup- 
plied by  a  small  hand  fan  B.  As  soon  as  the  fire  is  burning  brightly 
the  water  necessary  for  the  production  of  the  gas  is  turned  on. 

This  gas  is  tested  by  opening  a  small  test  cock  A,  and  applying 
a  light.  If  the  gas  bums  with  a  blue  flame  It  is  ready  for  use.  The 
gas  is  then  allowed  to  enter  the  scrubber  B,  and  to  paas  through  the 
expansion  box  to  the  engine.     Before  being  allowed  to  enter  the 
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engine  the  gas  is  again  tested,  and  if  it  still  bums  with  a  I 
flame  the  engine  may  be  started.  The  hand  fan  is  stopped  as  s 
as  the  engine  starts  work,  and  thereafter  the  whole  plant  becoi 
automatic. 

During  the  suction  stroke  of  the  engine  a  vacuum  is  set  up 
the  engine  osrlinder.  To  All  this  vacuum  air  and  steam  are  dra 
into  the  generator,  and  are  there  turned  into  combustible  gas 
which  pass  through  the  scrubber  to  the  engine. 

For  the  production  of  the  necessary  steam  a  water  supply  C 
fixed  to  the  generator.  This  supplies  water*  to  the  vaporiser 
This  vaporiser  is  a  pipe  perforated  with  a  number  of  ho 
Every  time  the  engine  draws  gas,  which  it  does  in  proportion  to 
load,  a  small  quantity  of  water  is  drawn  out  of  the  vaporiser,  falls 
a  quantity  of  hot  refractory  material  E  in  the  casing,  and  is  th 
converted  into  steam.  This  steam  is  caught  up  by  the  current 
air  drawn  in  at  the  air  valve.  The  mixture  of  air  and  gas  pas 
round  the  casing  to  a  space  F  under  the  fire  bars,  from  whence 
iR  drawn  up  through  the  body  of  incandescent  fuel,  where  it 
turned  into  gas.  The  gas  passes  from  the  generator  through 
water  seal  at  the  bottom  of  the  coke  scrubber,  passes  through  1 
closely-packed  coke,  where  its  tar  and  other  impurities  i 
extracted,  and  then  goes  to  the  engine  cylinder.  A  continm 
stream  of  water  is  allowed  to  fall  in  a  spray  over  the  coke,  where 
the  gas  is  cooled  to  the  normal  temperature. 

The  theory  of  the  chemical  action  that  goes  on  in  the  gas  p; 
ducer  is  as  follows:  When  air  comes  in  contact  with  glowing  carfe 
we  get,  first  of  all,  the  burning  of  the  carbon  to  form  carb 
dioxide,  according  to  the  equation  0  +  0^  =  CO^.  Now,  carbon 
a  high  temperature  is  a  very  strong  reducing  agent,  so  when  1 
CO  ,  already  formed,  comes  in  contact  with  the  mass  of  glowi 
carbon  through  which  it  must  pass,  the  CX)^  (carbon  dioxide) 
reduced  to  CO  (carbon  monoxide),  according  to  the  equation  C 
(30  =2CO.  This  carbon  monoxide  is  a  combustible  gas,  vc 
poisonous,  and  can  be  used  in  the  gas  engine. 

When  steam  comes  in  contact  with  glowing  carbon,  it  is  reduc 
by  the  action  of  the  carbon  to  CO  and  2H,  according  to  the  eqi 
tion  C  +  lip  =  n^  -h  CO. 

The  producer  plant  last  described  Is  known  as  the  suction  pla: 
because  it  is  kept  in  continuous  operation  by  the  suction  stroke 
the  engine.  Another  plant  also  in  common  use  is  known  as  t 
pressure  plant.  A  well-known  example  of  such  a  plant  is  the  Do 
son  plant,  already  described.  The  chemical  reactions  in  this  ct 
are  exactly  similar  to  those  already  described  when  dealing  with  t 
suction  producer.  The  principal  differences  between  the  two  83 
tems  are  that  the  pressure  system  requires  a  steam  boiler  in  whi 
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to  generate  the  steam  required  tor  operation,  and  also,  that  with  !  ^ ,'.';■ 


this  system  a  gas  holder,  in  which  to  store  the  gas,  is  required. 

There  is  one  serious  objection  to  the  pressure  system  irbieli  la 
not  found  in  the  other  system.    The  whole  producer  is  under  pres- 
sure.    It,  then,  there  are  any  leaks  between  the  producer  and  the 
engine,  gas  will  escape.    As  has  already  been  mentioned,  this  gas 
is  poisonous,  and    may    cause    the  death    of    a    careless  operator.  ] 
The  suction  producer  is  "fool-proof"  in  this  respect,  because  the  pres- 
sure in  the  system  is  less  than  atmospheric.    When  there  are  any  U 
leaks  in  the  system,  all  that  can  happen  is  that  air  will  pass  Into  \\ 
the  system  through   these    leaks,   and   while   this   will  reduce  the  \l. 
efficiency  of  the  plant,  it  can  do  no  other  damage.    The  fact  that  no  i  j^: 
boiler  or  gas  holder  is  required  in  the  suction  producer  is  a  great  ![ 
point  in   its   favour,   because   simplicity   is   the   essence   of   good 
engineering,  especially  when  we  are  dealing  with  a  machine  which  iV 
is  to  be   put   under   the   care   of   men    who   have  no  engineering  '^ 
knowledge  or  skill.  f : 

It  takes  only  a  few  minutes  to  start  up  a  small  gas  producer  if. 

plant.    The  Highland   and   Agricultural  Society   of  Scotland  made  \ 

some  tests  in  Glasgow  in  1905,  to  ascertain  the  time  required  to  get  \) 

an  engine  and  producer  plant  to  full  working  load,  starting  with  the  \i" 

•  { 

The  following  are  the  combined  chemical  and  heat  equatious  of  the  re- 
actions that  take  place  in  the  gas  producer  : — 
C  +  HgO  =  H,  +  CO 

1  +    1?    =  1  +  ??  i: 

12  18        18    (1)  or  1  lb.  C  +  1.5  lbs.  H,0  =  .166  lb.  H,  +  ■  : 

2.33  lbs.  CO.  Now,  to  separate  1.5  lbs.  of  water  into  H,  and  O  at  the  same 
temperature  requires  11,500  B.T.U.,  and  1  lb.  C  burned  to  CO  gives  4,400 
B.T.U.  ;  therefore,  to  turn  1.5  lbs.  water  to  water  gas  requires  other  7,100  l 

7  100 
B.T.U.,  or  the  burning  of  t^^^  =  1.61  lbs.  of  C  to  CO,  according  to  the 

4,400 
equation. 

(2)  1.61  lb.  C  +  2.15  lbs.  O  =  3.76  lbs.  CO  +  7,100  B.T.U.  ;  therefore, 
finally,  by  adding  together  equations  1  and  2  we  get  2.61  lbs.  C  +  2.15  lbs. 
O  +  1.5  lbs.  steam  =  .166  lb.  H  +  6.09  lbs.  CO.     Now,  the  heat  in  a  lb.  H  = 
60,000  B.T.U.  ;  therefore  .166  lb.  H^  =  11,400  B.T.U. 
also,        6.09  lbs.  C0=  26,400  B.T.U. 
or  2.61  lbs.  C  give  a  gas  with  37,800  B.T.U. 

1  lb.  G  gives  a  gas  with  14,500  B.T.U.  =  the  calorific  value  of  the  fuel. 
Again,  1  lb.  H,  occupies  180  cu.  ft.,  so  .  166  lb.  U  occupies  29  cu.  ft.  at  32^  F. 
and  147  lbs.  per  sq  inch  pressure. 

1  lb.  CO  occupies  12  8  cu.  ft.,  so  6.09  lbs.  CO  occupies  77.8  cu.  ft. 
or  the  gas  from  1  lb.  carbon  occupies  106.8  cu.  ft.  and  has  14,500  B.T.U.  ; 
therefore,  the  calorific  value  of  our  producer  gas  is  136  B.T.U.  per  cu.  ft. 
In  practice,  12. 5  lbs.  coal  give  1 ,000  B.  T.  U. ,  and,  with  coal  at  $6  per  ton ,  1 ,000 
cu.  ft.  gas  costs  1.74  cents.  Lighting  gas  from  the  city  mains  costs  about  60 
cents  per  1,000  cu.  ft.,  and  its  calorific  value  is  only  four  times  as  high  as 
that  of  producer  gas. 
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producer  empty  and  cold.    Only  two  men  were  allowed  to  start  ei 
plant  on  trial.    The  results  were  as  follows: 

Capa- 
Buildcr  of  Plant  Plant  start  Remarks 

B.H.P. 

Campbell   Gas  Engine  Co.,    18      13  min. 

8      l?i    •* 

Crossley  Bros 24      15 J    " 

Industrial  Engineering  Co.,    10      . .  Started  but  was  compel 

to  stop  because  water  "^ 
shut  off  at  main. 
J^ational  Gas  Engine  Co...     20      48      "  Excessive  time  caused 

defective  igniter. 
10      161    " 

Messrs.  Tangyes,  Ltd 21      16      " 

12      l2i    " 

The  average  time  for  starting  a  small  plant  is  about  15  minul 
l)ut  in  actual  practice  the  fire  is  usually  banked  up  when  the  p 
ducer  is  not  in  operation  as,  for  instance,  when  it  stands  o 
night.  When  this  is  done  the  engine  can  be  running  in  about  se^ 
minutes  from  the  start.  According  to  Mr.  J.  Emerson  Dowson, 
stand-by  losses  due  to  this  banking  up  of  the  fire  amount,  ii 
moderate-sized  plant,  to  about  three  lbs.  of  coal  per  hour. 

COMPABISON    OF   STEAM   AND  PBODUCISB   PLANTS. 

Dealing  with  efficiency,  the  adjoining  diagram  shows  clearly 
values  obtained  from  three  characteristic  plants. 

Column  1  shows  how  the  heat  is  used  up  in  a  modem  ate 
plant  of  250  H.P.  The  total  heat  contained  in  the  coal  is 
B.  T.U.  Of  this  there  is  a  loss  in  conversion  of  20%,  much 
the  heat  in  the  fuel  passing  up  the  chimney.  There  is  a  furt 
loss  of  10%  in  the  feed  pump,  in  condensation,  and  in  radiation. 
the  remaining  70i%,  57^%  is  lost  in  the  engine  exhaust;  and  al 
making  an  allowance  for  friction  losses,  we  find  that  out  of  a  tc 
of  100%,  only  10%t  is  converted  into  actual  work. 

While  this  value  of  10%  may  be  obtained  in  test,  in  actual  eve 
day  practice  the  efficiency  will  be  still  less. 

Column  2  shows  how  the  heat  is  used  up  in  a  pressure  produ 
plant   of   250    H.P.      There    is,  first   of   all,  a   loss   of    26J9o 
radiation,  in  ashes,  in  gas  coolers,  and  in  steam  boiler.   Of  the  74 
which  goes  forward  to  the  engine,  33.2%  is  lost  in  cooling  the  eng 
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DiAGPAM      5HOW^ING 
HOW    THE    HEAT    IN     I    Ld.   OF    COAL    13    UTILIZED 

IN   Three   Characteristic  Plants. 
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cylinder,  20%  is  lost  in  exhauat,  and  after  allowing  for  friction  ^ 
find  that  18%  of  the  ayailable  heat  is  given  as  actual  work  in  tl 
system. 

Column  3  shows  the  distribution  of  the  losses  in  a  40  H 
suction  producer  system.  It  may  be  taken  for  granted  that  t 
losses  in  a  250  H.P.  system  will  be  smaller.  Of  the  toi 
heat  in  the  coal  89%  is  transferred  in  the  gas  to  the  engine  cylind 
After  deducting  engine  losses,  as  in  the  last  case,  we  find  that  2S 
of  the  available  heat  is  transferred  Into  mechanical  work.  T 
efficiencies  then  are  as  follows: 

Steam,  10%;    pressure  producer,  18%;    suction  producer  pla 


There  are  one  or  two  other  points  worthy  of  mention  while  de 
ing  with  the  efficiency  question.  In  a  small  steam  plant  the  1( 
due  to  bad  stoking  is  often  quite  considerable;  in  a  producer  pli 
there  Is  very  little  such  loss. 

.  With  regard  to  stand-by  losses,  as  before  mentioned,  these  i 
about  three  lbs.  of  coal  per  hour  in  a  moderate-sized  producer  pla 
whereas,  according  to  results  obtained  by  Mr.  Dowson,  this  loss 
about  71.5  lbs.  of  coal  per  hour  in  a  steam  plant  of  the  same  si 
When  we  consider  that  most  plants  are  idle  for  about  100  ho 
every  week,  we  see  how  great  will  be  the  difference  in  the  coal  ] 
due  to  stand-by  losses. 

This  loss  is  small  in  producer  plants  because,  since  very  lii 
air  is  passing  through  the  fire  when  the  fire  is  banked  up  in 
gas  generator,  that  piece  of  apparatus  is  turned  into  a  slow  comb 
tlon  furnace. 

With  regard  to  the  efficiencies  mentioned  on  the  last  page,  th 
is  a  point  of  great  practical  interest  which  is  too  often  overlool 
When  we  say  that  the  efficiency  of  a  steam  plant  is  10%,  while  t 
of  a  gas  producer  plant  is  23%,  we  mean,  among  other  things,  tl 
for  the  work  equivalent  of  10  tons  of  coal,  we  must  not  only  1 
100  tons,  but  we  must  also  pay  for  the  labour  of  handling  this,  i 
also  for  storage  space.  With  the  producer  plant  the  calculati 
are  made  only  on  43)  tons  of  coal.  A  similar  relation  holds  in 
disposal  of  the  ashes. 

Dealing  now  with  the  problem  of  fluctuating  loads,  the  follow 
test  was  made  on  a  suction  producer  plant  by  Messrs.  Cromptoi 
Ck>.,  Ltd.,  of  London,  England.  A  gas  engine  was  run  for  four  he 
with  a  load  of  10  H.P.,  then  a  load  of  80  H.P.  was  thrc 
on  suddenly.  The  plant  immediately  responded,  and  hai 
a  flicker  was  noticed  in  the  lights  supplied  from  this  engine.  I 
to  be  borne  in  mind  also  that  this  was  done  without  the  use  < 
gas  holder.    This  can  be  done  by  any  well-designed  producer  pi 
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and  is  a  performance  that  an  engine  working  from  a  stdam  boiler 
would  find  very  hard  to  beat 

In  studying  the  problem  of  attendance,  it  is  found  that  a 
complete  producer  and  gas  engine  of  100  B.  HJ*.  capacity 
requires  the  labour  of  one  man  for  two  hours  each  day,  to  keep 
it  in  first-class  running  condition.  Sveryone  who  has  run  a  steam 
boiler  and  engine  plant  knows  the  troubles  that  are  constantly  turn- 
ing up.  The  sanitary  authorities  complain  that  so  much  smoke  Is 
being  emitted,  or  perhaps  the  injector  fails  to  operate,  and  the 
water  begins  to  creep  down  in  the  water  gauge.  Tne  bolier  has  to 
be  cleaned  out  frequently;  there  is  a  large  amount  to  be  paid  for 
insurance,  for  inspection,  for  wear  and  tear  of  fire  bars  and  other 
fittings,  tor  the  repair  of  leaks  in  Joints  caused  by  the  high  pressure 
of  the  whole  system. 

Contrast  with  this  the  gas  producer.  It  is  clean  and  efficient, 
there  is  very  little  water  to  handle  (S  gallon  per  B.  H.P.,  a  steam 
plant  requires  4  gallons  per  B.  H.P.),  and  very  little  attention 
required.  The  whole  system,  except  the  engine,  is  subject  to  pres- 
sures of  only  a  few  lbs.  per  square  inch.  There  is  no  chimney  to  build 
and  maintain,  nor  is  there  any  smoke  nuisance.  When  the  facts 
are  considered,  that  the  system  is  cheap  to  Instal,  and  also  cheap  to 
operate,  it  is  surprising  that  the  growth  of  the  gas  producer  industry 
has  been  so  slow. 

it  has  been  argued  against  the  producer  plant  that  gas  engines 
are  not  suitable  for  the  operation  of  electric  generators.  As  an 
example  to  contradict  this  statement,  in  Granada,  Spain,  three 
single  cylinder  gas  engines  were  Installed,  rated  at  80  B.  H.P.  each. 
These  engines  drive  alternators  in  parallel,  and  have  supplied  the 
whole  city  with  light  for  the  last  two  years.  There  are  many  gas 
engines  on  the  market  In  which  the  problem  of  parallel  operation 
has  been  very  carefully  considered,  and  if  the  result  mentioned 
above  could  be  obtained  yfith  single  cylinder  engines,  there  should 
be  no  difficulty  in  obtaining  satisfactory  operation  from  more 
modern  three-cylinder  engines. 

The  following  is  taken  from  Dr.  Oskar  Nagel: 

Several  years  of  experience  have  shown  that  gas  power 
plants  are  fully  as  reliable  as  the  best  steam  plants,  and  have  the 
advantage  of  much  greater  economy.  The  annexed  table  of  results 
of  plants  built  In  Austria  and  Germany,  on  the  Koerting  system, 
bears  out  his  statement.  It  is  to  be  noted  with  regard  Ito  these 
results  that  the  plants  are  small,  and  were  working  only  a  short 
time  each  day,  and  that  stand-by  losses  are  taken  into  account. 
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Place 


KW.  hr«. 


KW.  per 
lb.  coal 

Lubric. 

oil  per 

KW. 

hr. 

Cotton 

waste  per 

KWT 

hr. 

.36 

5.6 

.558 

.36 

5.62 

.558 

.37 

7.22 

.442 

.24 

3.03 

1.42 

.3 

6.20 

.50 

.36 

7.36 

3.50 

.35 

12.8 

1.30 

.398 

4.81 

1.06 

.32 

8.24 

2.03 

.24 

6.97 

1.98 

.45 

6.14 

1.08 

.36 

6.07 

2.99 

Clausthal 219,150 

Cransee 51,847 

Neumarkt 125,076 

Neurode 119,800 

Reichenbach 49,437 

Soberheim 95,326 

Schoenberg 58,514 

Schwetz 82,312 

Walserorde 60,352 

Wlenenden 71,828 

Karlsruhe 70,766 

Werden 102,716 


Some  additional  figures  with  regard  to  this  point  should  prove 
interest. 

A  small  joiner's  shop  was  driven  by  a  30  H.P.  motor.  This  mc 
was  replaced  by  a  60  H.P.  suction  producer  plant,  built  by 
National  Gas  Engine  Go.  The  electric  drive  cost  |13.20  per  we 
The  same  work  was  done  by  the  producer  at  |2.88  per  week  for  fi 
95.32  for  labour,  oil,  etc.,  also  Interest  on  capital  and  depreciati 
This  shows  a  net  saving  of  |6  per  week.  It  also  shows  that  the  i 
engine  is  going  to  be  a  keen  competitor  of  the  central  stat 
(electric). 

The  National  Gas  Engine  Go.  Installed  two  complete  sact 
plants  in  the  south  of  Scotland  In  a  factory  which  had  been  buy 
power  from  a  central  station.  Before  the  Installation  was  made 
engineers  in  charge  of  the  work  made  the  following  calculation 
probable  saving:  The  160,000  units  of  electricity  required 
annum,  at  3i  cents  per  unit,  gives  a  power  bill  of  J5,000  per  anm 
For  the  same  power,  with  a  suction  producer,  assuming  one  lb.  c 
gives  one  B.  H.  P.  hr.,  108  tons  of  coal  per  annuuL  would  be  requl 
At  |3  per  ton  the  fuel  for  the  producer  costs  |324  per  anm 
Allowing  10%  for  interest  on  capital  and  depreciation,  |471 
labour,  ^120  for  oil  and  sundries,  the  total  expenditure  is  $1, 
per  annum,  and  the  saving  due  to  the  adoption  of  the  producer  pi 
13,119  per  annum.  The  cost  of  engine  and  producer  plant,  compl 
was  16,240,  the  electrical  equipment  cost  |3,360  for  two  dynan 
switchboard,  and  wiring,  or  the  total  cost  of  $9,660.  A  saving 
$3,119  per  annum  would  therefore  pay  for  the  whole  plant  in  th 
years. 

It  is  Interesting  to  mark  the  effect  of  the  perfecting  of  the 
producer  on  the  gas  engine  Industry.    Messrs.  Thomeycroft  ft  ( 
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shipbuilders,  London,  England,  have  recently  fitted  a  number  of 
canal  barges  with  suction  producer  plants  and  gas  engines.  The 
results  of  these  have  been  so  satisfactory  that  similar  machinery 
is  being  tried  on  coasting  and  merchant  vessels,  and  the  Admiralty 
is  making  experiments  to  find  what  are  the  limitations  in  using  gas 
engines  for  naval  purposes.  The  greatest  advantage  the  producer 
plant  has  for  marine  work  is  that  the  amount  of  coal  to  bo  carried 
is  greatly  reduced. 

In  a  country  like  Canada,  where  farming  is  done  on  a  large  scale, 
and  where  the  power  users  are  so  scattered  as  to  prohibit  the  build- 
ing of  central  stations  for  power  and  light,  the  gas  producer  ought 
to  have  a  large  and  Increasing  use. 

About  ten  years  ago  attention  was  drawn  to  the  fact  that  a  large 
amount  of  power  is  available  In  gas  which  is  usually  thrown  away 
from  blast  furnaces.  The  chief  objection  to  the  use  of  this  blast 
furnace  gas  in  a  gas  engine  is  the  difllculty  of  the  removal  of  the 
large  quantities  of  dust  which  it  contains.  Another  difficulty  some- 
times met  with  in  a  small  plant,  namely,  that  the  gas  is  very  vari- 
able in  quality,  is  overcome  in  large  plants  by  mixing  the  gas 
obtained  from  several  furnaces.  However,  the  trouble  due  to  this  is 
not  very  great  in  a  well-designed  plant.  The  gas,  which  is  very  hot 
when  it  leaves  the  furnace,  is  usually  cooled  in  the  process  of 
extracting  the  dust. 

The  quantity  of  dust  In  the  gas  varies  greatly  with  the  kind  of 
ore  and  coal  used.  For  instance,  the  Cockerill  Co.,  Belgium,  had  a 
200  H.P.  gas  engine  running  at  their  works  in  Seraing  for  three 
years  without  any  special  provision  being  made  for  the  elimination 
of  the  dust  contained  in  the  gas.  During  all  that  time  the  engine 
never  had  to  be  cleaned  on  account  of  dust,  although  it  was  running 
night  and  day. 

On  the  other  hand,  this  same  company,  at  their  works  in  Differ- 
dingen,  experienced  trouble  from  the  start  with  some  GOO  H.P. 
engines  which  they  installed.  Investigation  showed  that  the  Differ- 
dingen  gas  contained  four  to  five  grammes  of  dust  per  cubic  metre 
of  gas,  while  the  Seraing  gas  contained  only  from  .25  g.m.  to  .5  gm. 

Experience  shows  that  furnaces  using  hematite  ores  give  a  gas 
containing  very  little  dust,  and  what  dust  there  is  settles  very  easily, 
even  in  short  lengths  of  pipe.  Oolitic  ores,  on  the  other  hand,  give 
a  gas  containing  much  dust,  which  passes  quite  readily  with  the  gas 
through  long  lengths  of  pipe. 

There  are  two  methods  at  present  in  use  for  the  purification  of 
blast  furnace  gases. 

1.  Passing  the  gas  through  scrubbers  containing  sawdust  or 
coke,  in  exactly  the  same  way  as  is  done  with  producer  gas. 
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2.  The  gas  is  caused  to  pass  through  a  centrifugal  fan.  A  J 
of  water  enters  the  axis  of  the  fan,  and  is  driven  outwards  in  tl 
form  of  a  fine  spray.  This  spray  of  water  gathers  up  all  the  du 
in  the  gas.  This  latter  method  was  tried  in  the  DifCerdingen  pla 
already  mentioned,  with  the  result  that  while  the  gas  contain* 
4  gms.  dust  per  cubic  metre  when  it  left  the  furnace,  it  held  on 
.25gm.  after  passing  through  the  fan,  and  could  then  be  used  wi 
success  in  the  engines. 

The  calorific  value  of  this  gas,  as  might  be  expected,  is  very  vai 
able.  It  may  be  taken  that  rich  gas  means  poor  operation  in  tl 
blast  furnace,  while  poor  gas  represents  good  operation  therein.  Tl 
average  calorific  value  is  about  110  B.T.U.  per  cubic  foot,  and  i 
average  analysis  shows  CO,  28%;    H,  2.5%;    OO^,  7.25%;    N,  61.3<; 

This  paper  has  been  an  endeavor  to  point  out  a  few  of  the  merl 
of  the  gas  producer.  The  success  of  the  producer,  during  the  f€ 
years  in  which  it  has  been  developed,  has  been  such  that  a  thoroui 
knowledge  of  this  piece  of  apparatus  is  necessary  to  anyone  w] 
pretends  to  be  up  to  date  in  power  plant  work.  The  small  produc 
plant  in  sparsely-settled  districts  supplies  a  need  which  cannot 
as  well  met  by  any  other  existing  piece  of  apparatus.  The  bla 
furnace  gas  engines  are  also  growing  in  popularity  as  their  oper 
tlon  becomes  better  understood.  There  is  in  fact  every  reason 
believe  that  the  gas  engine  industry  has  a  bright  future  before  it. 
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DISCUSSION  i' 

At  Montreal. 

Mb.  J.  W.  Haywakd  (A.  M.  Can.  Soc.  C.  E.) — Every  one  who  was  Mr.  Hayw»«i 
present  at  the  recent  trials  of  suction  gas  plants  made  by  the 
Royal  Society  at  Derby,  Eng.,  carried  away  the  Impression  of  the 
ease  and  rapidity  with  which  a  trained  man  can  start  one  of  these 

plants  and  the  difficulty  which  a  careless  or  unmethodical  man  ' , 

experiences.  No  absolutely  definite  relation  between  the  dimensions 
of  producer  and  engine  has  yet  been  established.  In  different  plants, 
all  showing  a  good  economy,  this  relation  varies  considerably. 
The  successful  plant  at  Derby  had  a  grate  area  of  1.227  square  feet 
for  an  engine  of  20  B.  H.  P.  or  .06  sq.  feet  per  B.  H.  P.    Assuming  r 

a  consumption  of  one  lb.  of  coal  per  B.  H.  P.  per  hour,  this  gives  V 

about  16i  lbs.  of  coal  per  sq.  foot  of  grate  per  hour.  It  is  difficult 
to  realize  that  the  fuel  is  being  consumed  at  this  rate  when  the 
temperature  of  the  fire  is  seen  to  be  not  above  a  bright  red  heat,  y 

no  doubt  owing  to  the  cooling  effect  of  the  steam  admitted.  ' 

The  very  economy  of  the  suction  producer  plant  sets  a  limit 
on  the  smallest  size  that  can  be  used.    A  producer  less  than  ten  » 

inches  in  diameter  would  be  liable  to  give  trouble,  on  account  of 
the  coal  jamming  in  it  and  forming  an  arch.  This  size  of 
producer  would  be  suitable  for  a  12  to  15  H.  P.  engine. 

The  producer  fitted  on  board  canal  barges  by  Messrs.  Thomey- 
croft,  although  of  moderate  size,  will  hold  sufficient  coal  for  a 
day's  run  of  twelve  hours,  and  therefore  hoppers  and  valves  for 
recharging  are  dispensed  with.  /  > 

The  paper  does  not  make  the  automatic  action  of  the  steam 
generating  apparatus  in  the  suction  producer  of  Fig.  2,  also 
designed  by  Mr.  Dowson,  quite  clear.  Water  is  kept  at  a  constant 
level  in  the  vessel  marked  "Water  Supply  Generator"  by  means 
of  a  float  valve.  This  level  is  just  below  that  of  the  water  nipples 
in  the  circular  pipe  D.    When  there  is  no  suction  through  the  •  - 

producer,  no  water  will  enter  the  vaporizer,  but  during  each  suction 
stroke  the  reduction  of  pressure  within  the  producer  will  draw 
water  up  through  the  nipples  into  the  vaporizer.  The  action  is 
precisely  similar  to  that  of  the  float  feed  carburettor  for  a  gasoline  -;• 

engine. 

In  comparing  gas  with  steam,  one  marked  advantage  of  a  steam  : 

plant  is  that  the  speed  of  the  engine  can  be  varied,  as  in  most 
cases  the  resistance  against  which  an  engine  has  to  work  increases  I  "^ 

with  the  speed.    This  enables  the  plant  to  meet  excessive  demands. 
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Mr.  Hayward      on  occasion,  by  working  slowly.    A  gas  engine,  on  the  other  hai 
must  run  at  a  constant  speed,  and  will  not  stand  a  serious  overlos 
A  "sick"  steam  engine  can  usually  be  made  to  turn  round  som 
how,  but  a  gas  engine  will  either  run  or  it  will  not  run.    It 
much  easier  to  diagnose  the  disease  in  the  former  case  than 
the  latter. 

With  a  producer  plant,  the  insidious  danger  of  gas  poison!] 
must  always  be  'kept  In  mind.  Even  a  very  small  percentage 
carbon  monoxide  in  the  air  breathed  will  produce  headaches  ai 
reduce  the  general  health.  Further,  there  is  always  a  possibili 
of  explosion  occurring  in  the  producer  or  scrubbers,  especially 
starting  or  stopping.  In  badly  designed  plants  the  result  of  su 
an  explosion  may  be  serious. 

Mr.  wiiuaras  mb.  Wayland  Williams. — There  seldom  is  any  serious  dang 

from  the  use*  of  gas  producers.  The  risk  of  gas  poisoning  is  n 
very  great,  as  the  only  opportunity  for  the  escape  of  gas  is  durli 
the  fifteen  or  twenty  minutes  of  gas  making  before  starting.  T 
most  serious  effect  of  inhaling  gas  is  a  persistent  headache. 

With  regard  to  "sick"  gas  engines,  a  peculiar  instance  of 
sudden  attack  came  under  my  personal  attention  during  last  wint< 
when  an  engine  usually  perfectly  reliable  refused  to  start  o 
morning.  All  the  usual  sources  of  trouble  were  repeatedly  searchc 
and  after  three  hours  the  mystery  was  inscrutable,  until  a  lucl 
accident  directed  attention  to  the  upright  exhaust  pipe  out  of  doo 
into  which  snow  had  fallen  during  the  night  and  frozen  into 
solid  plug  in  the  elbow  at  the  bottom.  Two  minutes  after  i 
removal  the  engine  was  running  as  serenely  as  ever. 

Mr.Duriey  PROFESSOR  R.   J.   DuRLEY    (M.  Can.  Soc.  C.  E.)— CJoal   tcsts  we 

made,  under  the  direction  of  the  U.  S.  (xeological  Survey,  at  i 
Louis,  with  a  steam  engine  of  250  H.  P.,  and  a  gas  plant  of  simil 
power.  In  all  the  series  of  tests  the  coal  consumption  per  B.  H. 
was  found  to  be  about  2i  times  as  great  with  steam  plant  as  wi 
the  gas  plant.  The  tests  were  made  with  samples  of  ligniti 
semi-bituminous,  bituminous  coal,  and  anthracite  coal  taken  frc 
mines  in  different  parts  of  the  United  States,  and  the  results  embo4 
a  very  large  amount  of  valuable  information. 

Mr.  Miller  Mr.  Millbr. — A  polut  greatly  in  favor  of  the  use  of  gas  plants 

that  they  are  less  expensive  power  producers  than  steam  plant 
The  cost  of  steam  power  in  small  units  averages  150.00  per  B.  H. 
per  year,  and  this  is  considered  a  cheap  rate.  With  a  fifty  H. 
suction  gas  engine  and  producer,  they  have  been  able  to  produ 
power  for  |31.00  per  B.  H.  P.  per  year.  In  Chicago,  where  ti 
electric  companies  have  the  advantage  of  water  power,  electi 
power  cost  |50.00  per  H.  P.  per  year. 
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Dr.  a.  Stansfield  (A.  Can.  Soc.  C.  E.)— Dealing  with  the  use  of  i>r.  stamfleid 
blast  furnace  gas  for  power  purposes,  a  great  deal  more  trouble 
has  been  found  in  purifying  and  cleaning  blast  furnace  gas  before 
entering  the  engine  than  would  be  supposed  from  the  author's 
remarks.  Dr.  Richards'  statement  that  in  the  United  States  alone 
there  is  a  million  H.  P.  wasted  each  year,  seems  to  be  very  much 
exaggerated. 

Babox  Gustave  de  Coriolis  (A.  M.  Can.  Soc.  C.  E.) — In  this  m.  dc  corioiu 
country  would  it  be  more  advantageous  to  use  water  power  as  a 
generator  than  gas  power?  It  was  shown  in  a  recent  installation 
ma4e  here  by  a  water  power  company  that  electric  power  can  be 
secured  for  ^13.00  per  H.P.  per  year.  If  they  could  get  power  here 
all  the  year  round  at  the  rate  of  |16.00  there  would  be  nothing  of 
which  to  complain.  It  has  been  ascertained  that  in  Montreal 
power  can  actually  be  supplied  at  this  rate. 

It  is  easy  to  find  out  what  a  company  will  charge  for  electric  Mr.  Duriey 
power;   the  difficulty  is  to  find  out  what  it  really  costs  them.    It 
is  said  that  in  Montreal  the  charge  is  about  $35.00  for  unlimited 
service,  and  |25.00  for  limited  service,  for  100  H.  P.  unit. 

Mb.  L.  J.  Read. — The  following  data  bear  upon  the  cost  Mr.  Read 
of  producing  power  with  an  English  built  suction  gas  engine.  It 
is  w^ell  to  consider  English  built  suction  gas  engines  because  oi 
the  simple  fact  that  the  English  builders  of  suction  gas  engines 
have  had  many  years  experience,  and  have  successfully  overcome 
the  many  difficulties  involved  in  the  development  of  the  suction 
gas  engine  as  a  prime  mover.  The  builders  in  the  United  States 
and  other  countries  are  only  just  entering  this  field,  and  althougn 
they  may  be  equipped  with  every  modern  machine  shop  facility, 
they  lack  the  one  most  essential  element — experience.  The  develop- 
ment of  the  gas  producer  and  engine  has  been  fraught  with  more 
difficulties  than  the  development  of  almost  any  other  mechanical 
apparatus,  because  of  the  fact  that  there  are  so  many  difficult 
features  which  present  themselves  only  after  the  mechanical  design 
has  been  apparently  worked  out  successfully,  and  which  can  only 
be  overcome  by  long  experience.  The  investigation  of  authentic 
data,  giving  costs  of  power  produced  by  twelve  of  the  best  known 
water  power  plants  in  the  world,  shows  that  the  average  cost  each  per 
annum  per  B.  H.  P.,  including  all  operating  costs  and  maintenance, 
is  approximately  $12.50.  Thus  for  300  working  days  of  ten  hours 
each,  or  a  3,000  hour  year,  the  initial  Installation  cost,  including 
dams,  is  from  $65.00  to  $100  per  H.  P.  It  must  be  conceded  that 
hitherto  power  has  been  more  cheaply  produced  by  water  than  by 
any  other  means,  but  the  fact  can  be  well  established  to-day  that 
the  suction  gas  engine  can   in   many  cases   compete   successfully 
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even  with  this  source  of  power.  Take  for  example  a  200  H. 
suction  gas  engine,  with  the  suction  gas  plant  all  put  down  cox 
plete  and  ready  for  operation,  and  assume  approximately  the  tot 
cost  of  said  installation  to  be  |12,000,  or  160.00  per  H.  P.  With 
plant  of  this  size,  and  with  anthracite  pea  coal  at  H&O  per  loi 
ton  (2,240  lbs.),  assuming  fuel  consumption  to  be  not  more  thi 
one  pound  of  said  coal  per  B.  H.  P.  hour  (a  lower  consumption 
actually  obtainable),  the  fuel  cost  per  annum  would  equal  ^.i 
Assuming  that  water  can  be  bought  at  say  10  cents  per  1,000  galloi 
which  is  probably  very  low,  and  taking  2i  gallons  of  water  p 
B.  H.  P.  hour  the  water  item  will  be  $0.75,  as  seen  from  tl 
calculation: 


2i  X  200  X 10  X  300  x  10 


=  75 


200  X 1000 

A  reasonable  attendance  charge  (a  licensed  engineer  not  beii 
required)  would  be  a  man  at  $1,000  per  year.  One  thousa] 
divided  by  200  equals  $5.00  per  H.  P.  It  is  safe  to  say  that  t 
allowance  for  oil,  waste,  etc.,  would  be  not  more  than  50  cen 
Maintenance  or  upkeep,  that  is  to  say  the  refilling  of  the  scrubbc 
and  the  relining  of  the  generator  once  or  twice  a  year,  would  n 
be  expensive  items;  but  to  be  conservative,  a  charge  of  2)  c 
cent,  of  the  installation  cost  can  be  taken  for  maintenance,  or 
per  cent,  of  $12,000  equals  $300.00.  This  divided  by  the  200  eqw 
$1.50  per  H.  P.  This  makes  a  total  actual  operating  cost  of  $13.' 
Five  per  cent.  Is  a  very  reasonable  charge  for  depreciation.  Tl 
would  add  $3.00  to  the  foregoing,  making  a  total  cost  of  $16.75.  . 
for  interest  on  the  investment,  no  rate  of  interest  should 
specially  charged  against  the  engine  room  equipment  unless  it 
the  policy  of  the  owners  to  make  a  like  charge  on  all  the  otl: 
working  equipments  of  their  plant.  In  recent  investigations 
England  the  examination  of  many  suction  gas  plants  showed  U 
they  are  producing  a  killowatt  hour  at  less  than  one  cent,  includi 
all  of  the  items  mentioned  above.  There  are  also  a  number 
plants  which  are  doing  a  B.  H.  P.  on  2  of  a  pound  of  anthrac 
pea  coal. 

Mr.  J.  A.  Jamieson  (M.  Can.  Soc.  C.  E) — The  cost  of  produci 
power  by  water  power  would  largely  depend  on  the  original  o 
tor  developing  the  water  power.  This  is  high  and  the  cost  of  tra: 
mitting  it  is  always  a  very  large  item  in  the  total  cost.  The  aven 
cost  of  developing  Niagara  Falls  has  been  $110.00  per  H.  P.  T 
is  independent  of  the  cost  of  distributing  lines.  The  plant  of  1 
DeCew  Falls,  however,  did  not  cost  half  this  sum,  and  that 
Shawinigan  Falls  even  less.    Gas  seems  to  be  the  coming  powei 
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E.  Richards  (A.  M.  Can.  Soc.  C.  E.) — Engineers  are  always  much  Mr.  Richardt 
interested  in  actual  detail  operating  costs  of  plants  embodying 
new  systems.  The  paper  of  Mr.  J.  R.  Bibbins,  a  recognized 
authority  on  heat  engines,  read  before  the  American  Society  of 
Mechanical  Engineers,  is  evidently  a  careful  analysis  of  the  operat- 
ing costs  of  what  he  characterizes  as  a  typical,  modem  producer 
gas  plant,  namely,  that  of  the  Gould  Coupler  and  Storage  Battery 
Co.,  Depew,  N.Y.  The  capacity  is  450  K.  W.  In  three  units.  The 
fuel  used  is  Buftalo,  Rochester,  and  Pittsburg  run-of-mine  coal  of 
13,500  B.  T.  U.  per  lb. 

The  approximate  power  costs  were  as  follows; 

Mlolmani 
46  per  cent, 
load  factor. 

5.000 
0.25 
0.28 


24  hour  operation. 

Output,  K.W.  H.  per  day... 


Fuel,  cents  per  K.  W.  H 

Labor,  cents  per  K.  W.  H 

Supplies  and  repairs  (estimated), 
cents  per  K.  W.  H 


Normal 
74  per  cent, 
load  factor. 

Maximum 
W  per  cent, 
load  factor. 

8,000 

10,000 

0.22 

0.20 

0.17 

0.14 

I 


0.17 


0.13 


0.11 


Operating    costs,    cent6    per    K. 

W.  H 0.70  0.52  0.45 

Fixed  charges,  cents  per  K.  W.  H.  0.45  0.28  0.22 


Total  costs,  cents  per  K.  W.  H.. .  1.15  0.80  0.67 

From  this  can  be  deduced  the  probable  costs  of  10  horse  power, 
based  on  average  price  of  the  same  coal  in  Ontario,  which  is  more 
interesting  to  the  ordinary  manufacturer. 


Fuel,  cents  per  K.  W.  H 

LAbor,  cents  per  K.  W.  H 

Supplies  and  repairs,  cents  per 
K.W.H 


46  per  cent, 
load  factor. 

0.38 
0.28 


0.17 


74  per  cent, 
load  factor. 

0.33 
0.17 


0.13 


92  per  cent, 
load  factor. 

0.33 

0.14 


0.11 


Operating   costs,    cents    per    K. 

W.  H 0.83  0.63  0.55 

Fixed  charges,  cents  per  K.  W.  H.  1.08  0.67  0.58 


Total  costs,  cents  per  K.  W.  H. 


1.91 


1.30 


1.08 
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Mr.  Palmar  mr.  E.  B.  Palmer  (S.  Can.  Soc.  C.  E.)— With  reference  to  th 

part  of  the  paper  which  speaks  of  some  tests  having  been  ma< 
of  suction  gas  plants  in  Glasgow  in  1905,  it  was  demonstrated,  : 
even  such  small  units  as  10  to  20  H.  P.,  that  the  fuel  consumpti( 
was  about  8  lbs.  of  coal  per  H.  P.  per  hour. 

Larger  gas  power  plants  have  been  in  use  for  some  little  tim 
There  is  a  40,000  H.  P.  plant  near  Liverpool,  in  England,  which 
producing  a  poor  gas,  of  about  125  to  140  B.  T.  U.  and  this  gas 
distributed  over  an  area  of  123  sq.  miles,  and  is  sold  for  twopeni 
(4c.)  per  thousand  cubic  feet.  This  gas  is  being  used  not  only  : 
the  rolling  mills  and  in  furnaces,  for  heating  purposes,  but  all 
in  gas  engines  for  power  and  light.  Another  large  plant 
installed  at  the  works  of  William  Beardmore  &  Sons,  ship  buildei 
Glasgow.  This  is  a  30,000  H.  P.  gas  plant,  and  the  gas  is  distribute 
to  all  parts  of  the  works  for  heating  and  power  purposes.  Th< 
have  installed  a  number  of  gas  engines  which  develop  from  5,0< 
to  10,000  H.  P.,  and  the  balance  of  the  gas  is  used  in  the  rollii 
mills.  This  company  recovers  the  sulphate  of  ammonia  from  tl 
gas,  and  is  able  to  pay  for  the  fuel  from  the  proceeds  of  the  sa 
of  the  sulphate  of  ammonia. 

Ordinary  slack  coal  will  produce  about  90  lbs.  of  sulphate  < 
ammonia  per  ton  of  coal  nsed,  and  as  the  sulphate  of  ammon 
is  marketed  at  about  £12  ($60)  per  ton,  it  is  readily  seen  how  tl 
cost  of  the  coal  is  paid  for  by  the  sale  of  the  sulphate  of  ammoni 

In  the  paper  just  read,  it  is  mentioned  that  20%>  of  the  availab 
heat  in  the  coal  is  lost  in  the  exhaust  gases  of  the  gas  engiu 
This  is  only  the  case  when  it  does  not  pay  to  use  the  heat  co: 
tained  in  those  exhaust  gases.  In  powers  from  60  H.  P.  upward 
it  will  usually  pay  well  to  pass  these  exhaust  gases  through 
boiler,  in  order  to  raise  steam  for  heating  or  any  other  purpose 
In  many  cases  in  England  these  exhaust  gas  boilers  are  beii 
used  and  are  connected  to  engines  up  to  1,000  H.  P.,  and  so  tl 
greater  the  horse  power  developed,  the  greater  saving  there  w 
be  by  the  use  of  these  exhaust  gas  boilers.  It  is  possible  wi 
these  boilers  to  evaporate  2  to  21  lbs.  of  water  to  100  lbs.  pressu 
of  steam  per  H.  P.  of  the  engine,  when  the  engine  is  running  fro 
I  to  full  load.  This  is  accomplished  by  reason  of  the  fact  that 
the  gas  engine  the  temperature  of  the  gas  in  the  cylinder  is  abo 
2,200  to  2,500^  degrees  F.,  and  so  in  the  exhaust  gases  the  tei 
perature  would  not  be  below  1,700  to  1,800  degrees  P.  Comparii 
these  results  with  those  obtained  in  the  ordinary  direct  fir 
boiler,  we  find  that  whereas  in  the  latter  case  there  is  evaporat 
about  10  lbs.  of  steam  per  lb.  of  coal,  in  the  gas  engine  we  are  at 
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to  evaporate  2  to  2)  lbs.  of  steam  per  lb.  of  coal  consumed  by  the  Mr.  Paimer 
use  of  the  gas  engine  exhaust  only. 

Mr.  Wm.  Cross  (M.  Can.  Soc.  C.  E.) — It  is  not  quite  clear  to  me  xr.  croM 
what  was  meant  by  the  efficiency  of  the  gas  engine  with  respect 
to  the  evaporation  of  the  water  by  the  exhaust  gases.    How  is  the 
charging  done? 

By  passing  the  exhaust  gases  through  a  boiler,  it  is  possible  to  Mr.  Maimer 
evaporate  2  to  2i  lbs.  of  water  to  steam  to  a  pressure  of  100  lbs. 
per  H.  P.  of  the  engine.    That  is,  if  you  have  a  50  H.  P.  engine, 
you  will  be  able  to  evaporate  100  to  125  lbs.  of  water  per  hour. 

The  charging  of  the  hopper  is  done  at  the  top  of  the  generator 
about  once  every  two  hours  with  a  bucket  of  coal,  depending,  of 
course,  on  the  size  of  the  generator.  While  the  charging  is  being 
done  no  air  is  allowed  to  enter  the  generator. 

Mr.  W.  a.  Hare  (A.  M.  Can.  Soc.  C.  B.) — What  is  the  proportion  Mr.uar« 
of  steam  per  lb.  of  coal  per  hour? 

In  producer  gas  the  percentage  of*  hydrogen  is  about  15,  and  Mr.  Paimer 
from  that  the  percentage  of  steam  there  is  to  the  coal  used  can 
be  calculated.    In  general  practice  the  amount  of  water  converted 
into  steam  per  lb.  of  coal  consumed  in  the   generator  is  jibout 
.065  gallons. 

Dr.  J.  Galbraith  (M.  Can.  Soc.  C.  B.)— Is  not  as  much  heat  lost  Dr.  oaibrajui 
in  the  generator  by  reason  of  using  steam  as  there  is  heat  gained 
in  the  engine  by  explosion  of  the  hydrogen? 

If  it  were  not  for  the  hydrogen  in  the  gas,  which  amounts  to  ur.  Paim«r 
about  15.%^  the  producer  gas  would  have  a  value  of  about  90 
B.  T.  U.,  and  this  has  not  enough  heat  units  in  it  to  be  exploded 
readily  in  the  engine  cylinder.  Very  few  engines  are  working 
with  gas  which  has  a  value  less  than  100  to  110  B.  T.  U.  Although 
a  lot  of  heat  is  consumed  when  decomposing  the  water  into 
hydrogen  and  oxygen,  there  is  liberated  a  quantity  of  oxygen  which 
readily  combines  with  the  carbon  of  the  coal  to  form  C  O  . 

Mr.  a.  a.  Bowman  (A.  M.  Can.  Soc.  C.  E.) — Notwithstanding  that  Mr.  Bowman 
there  are  impurities  in  bituminous  coals,  would  it  not  be  cheaper 
to  use  that  class  of  coal  on  account  of  its  low  cost,  than  to  use 
the  high-priced  anthracite  coal? 

It  does  not  pay  to  use  bituminous  coal  in  plants  under  Mr.  Paimer 
500  H.  P.,  and  even  in  larger  units  than  this,  up  to  1,000 
H.  P.  or  over,  it  is  not  any  cheaper  to  use  bituminous  coal 
than  anthracite.  The  reasons  are  these,  that  when  using  a 
poorer  grade  of.  coal,  much  more  labor  is  required  to  handle  the 
extra  quantity  used,  and  also  there  is  more  labor  needed  to  attend 
the  gas  plant  on  account  of  having  to  extract  all  the  volatile  and 
tarry  matters;  to  do  which,  a  number  of  condensers,  washers,  and 
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other  purifying  appliances  have  to  be  used;  also  with  the  pooi 
grade  of  coal  a  steam  boiler  is  used  in  order  to  force  the  air  anc 
steam  into  the  generator  under  pressure,  and  this  boiler  will  con- 
sume about  1&%4  of  the  coal  used  in  the  generator  itself,  and  then 
is  also  extra  labor  required  to  attend  to  this  boiler.  With  a  suctloi 
gas  plant,  however,  which  uses  anthracite  coal,  there  is  needed  oni3 
one  scrubber  and  one  purifier  to  thoroughly  clean  the  gas,  anc 
there  Is  no  need  for  a  boiler.  When  using  a  poor  coal,  in  which  i 
boiler  Is  necessary,  you  have  the  same  smoke  trouble  as  In  th< 
ordinary  steam  plant,  whereas  with  a  suction  gas  plant  no  smofc< 
is  produced  and  the  labor  required  to  operate  It  is  fully  one-hall 
that  required  to  run  a  bituminous  gas  plant. 

Is  it  absolutely  necessary  to  have  a  non-caking  coal,  and  whai 
is  the  effect  of  using  a  caking  coal? 

It  is  always  best  to  use  a  non-caking  coal,  as  then  less  labor  If 
required  to  attend  the  generator.  When  using  a  caking  coal,  t 
bridge  is  formed  above  the  middle  of  the  generator  and  preventi 
the  air  and  steam  from  passing  readily  up  through  the  fuel.  Whei 
this  occurs  it  is  necessary  for  the  man  in  charge  to  poke  the  fue 
continuously  to  break  up  this  clinker. 

Mb.  a.  W.  Connor  (A.  M.  Can.  Soc.  C.  E.) — Can  wood  be  usee 
as  a  fuel  In  a  gas  plant? 

It  is  well  known  that  It  takes  2h  lbs.  of  wood  to  give  the  sani< 
heat  as  a  pound  of  coal,  but  nevertheless  there  are  a  large  numbei 
of  plants  using  wood  as  a  fuel.  The  Richd  gas  plant  Is  the  om 
which  is  commonly  used,  but  It  Is  necessary  to  have  more  scrubben 
and  purifiers  when  using  wood  than  with  the  anthracite  or  hardei 
coals. 

Mr.  Robertson. — Is  there  not  a  system  in  which  there  are  tw< 
generators  employed  when  using  bituminous  coal? 

This  Is  the  Loomls-Pettlbone  System.  Mr.  B.  H.  Thwalte  al» 
used  this  system  In  a  duplex  plant  some  years  ago,  but  notwlth 
standing  the  use  of  two  generators  In  order  to  fix  the  hydro-car  boi 
gases,  it  Is  absolutely  necessary,  when  the  gas  is  to  be  used  In  gai 
engines,  to  have  condensers,  scrubbers,  and  purifiers,  which  are  no 
required  with  the  hard  coal  plants. 

Mr.  Greenwood. — ^What  type  of  boiler  is  used  for  generatlni 
steam  by  the  exhaust  gases? 

The  boiler  Is  specially  constructed  to  allow  all  the  settling  o 
vapor,  dust,  and  tarry  matter,  and  Is  of  the  tubular  type.  Th' 
ordinary  boiler,  which  is  encased  in  brick,  Is  not  v^ry  suitable  fo 
this  purpose,  as  there  is  too  large  an  area  below  the  boiler  fo 
the  gases  to  lie  In  before  passing  through  the  tubes.  It  is  alway 
best  to  put  the  boiler  within  a  few  feet  of  the  gas  engine. 


BUSINESS  MEETING. 

A  bUBiness  meeting  was  held'  on  7th  March,  at  8.00  p.m.,  Mr. 
Phelps  Johnson,  Vice-President,  in  the  chair. 

An  Auction  Sale  of  the  Magazines  in  the  upstairs  reading  room 
was  held.    Mr.  J.  M.  Nelson  acted  as  auctioneer. 

ELECTRICAL  SECTION. 

President— W.  MgLba  Walbank. 
Vice-President— L.  A.  Hekdt. 

A  meeting  of  the  Electrical  Section  was  held  Thursday  evening, 
March  14,  Mr.  W.  McLea  Walbank,  President,  in  the  chair.  A  paper, 
"Eftect  of  Armature  Reaction  in  Synchronous  Motors  and  Rotary 
Converters,"  was  read  by  the  author,  Mr.  B.  T.  McCormick. 
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EFFBCrr  OF  ARMATURE   REACTION   IN   SYNCHRONOUS 
MOTORS  AND  ROTARY  CONVERTERS 

By  Mb.  B.  T.  McCormick. 

As  a  rule  in  treating  the  operation  of  synchronous  motors  and 
rotary  converters,  the  diagrams  are  constructed  without  reference 
to  the  effect  of  armature  reaction.  The  complete  diagram  of  the 
rotary  converter  or  synchronous  motor  depends  upon  the  following 
laws: 

Ist— The  vectorial  sum  of  the  generator  or  impressed  B.M.F.  Bg 
and  the  motor  counter  B.M.F.  E^  ia  the  reactance  E.M.F.  E^. 

2nd— The  counter  E.M.F.  must  be  represented  as  lagging  90* 
behind  the  resultant  field  or  magneto  motive  force. 

3rd — ^The  armature  M.M.F.  is  in  phase  with  the  armature  current. 

4th — ^The  E.M.F.  component  necessary  to  balance  the  reactance 
E.M.F.  is  equal  and  opposite  to  it  in  phase,  and  must,  therefore,  be 
represented  as  leading  the  current  in  quadrature. 

5th— The  resultant  M.M.F.,  or  that  M.M.F.  which  when  divided 
by  the  reluctance  of  the  magnetic  circuit  gives  the  flux  per  pole,  is 
equal  to  the  vectorial  sum  of  the  M.M.F.,  due  to  the  armature 
reaction,  and  the  M.M.F.  impressed  upon  the  fields,  as  obtained 
from  the  ammeter  readings  in  the  field  circuit. 

6th— The  total  annature  reaction  may  be  expressed  in  ampere 
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turns  per  pole  as  .707  an  I,  where  "a"  equals  conductors  per  pt 
per  pole  "n"  equals  number  of  phases  and  "I"  is  the  current 
conductor.  This  applies  to  the  form  of  winding  usually  empk 
in  alternators.  For  rotary  converter  windings  better  results 
obtained  by  calculating  the  armature  reaction  in  direct  cun 
terms. 

General  Synchronous  Motor  Diagram. 

The  quantities  involved  in  the  general  synchronous  motor  < 
gram  are  so  numerous  and  so  interdependent  that  one  is  at  a  1 
when  starting  to  construct  the  diagram,  to  decide  what  quant] 
to  assume  as  fixed.  We  can  always  assume  a  constant  source 
E.M.F.  B  »  and  if  we  assume  the  load  the  motor  is  carrying 
its  losses,  we  immediately  have  the  watt  component  of  the  curr 


It  is  a  fact  well  known  to  all  switchboard  operators  that  "^ 
the  given  load  on  the  synchronous  motor,  the  power  factor  ma: 
varied  over  a  certain  range  by  altering  the  field  excitation  of 
motor.  We  have  to  start  with,  therefore,  the  impressed  gener 
E.M.F.  Eg  the  total  current  and  power  factor.  Lay  off  E  e 
to  the  generator  E.M.F.  to  any  desired  scale,  also  the  watt  c 
ponent  of  current  O.A.  Lay  off  the  total  current  O.I.  making 
angle  between  it  and  B  ^  p  whose  cosine  is  equal  to  the  p< 
factor  which  we  have  assumed.  (See  Figure  No.  1.)  At  right  an 
and  leading  the  current  90^,  lay  off  B  ,  the  reactance  vol 
which  is  the  product  of  total  current  and  total  reactance  in  the 
cult,  the  resistance  bein^  small  in  most  cases  is  negligible.  C 
bining  E^  and  E  gives  E,„,  the  counter  E.M.F.  of  the  in< 
Lay  off  Xa  in  phase  with  the  current,  representing  the  arma 
reaction  to  any  desired  scale.  Lay  off  X,  leading  the  counter  G. 
90^  representing  the  excitation  required  to  produce  the  cou 
E.M.F.  on  open  circuit,  as  read  from  the  no  load  saturation  c 


Synchronous  Motors  and  Rotary  Converters 


91 


of  the  synchronous  motor.  Since  the  resultant  ampere  turns  X  is 
the  vectorial  sum  of  the  field  and  armature  ampere  turns,  the  field 
ampere  turns  are  obtained  by  subtracting  vectorially  X|^  from  X, 
this  gives  X  ,  the  field  excitation  necessary  for  the  motor  to 
operate  under  the  assumed  conditions.  The  above  diagram  for  any 
load  on  the  motor  gives  us  the  value  of  field  excitation  required  for 
the  assumed  value  of  power  factor.  The  various  values  of  power 
factor  may  be  assumed  and  diagrams  constructed,  and  the  results 
plotted  into  a  curve  between  field  excitation  and  total  current,  or 
Held  excitation  and  power  factor. 

Figure  No.  1  shows  the  diagram  for  a  lagging  current,  and  it 
will  be  noticed  that  the  reactance  voltage  is  in  such  a  phase 
position  as  to  subtract  from  the  generator  voltage,  resulting  in  a 


smaller  value  of  the  necessary  counter  B.M.F.  The  armature 
reaction  X^  is  in  such  a  position  that,  when  subtracted  from  the 
resultant  ampere  turns  X,  the  field  ampere  turns  are  smaller  than 
the  resultant  ampere  turns.  It  may,  therefore,  be  stated  as  a 
general  principle  that  with  a  lagging  current  on  the  synchronous 
motor  the  effect  of  the  armature  reaction  is  to  strengthen  the  field, 
and  in  that  way  decrease  the  necessary  field  excitation. 

Figure  No.  2  shows  the  synchronous  motor  operating  with  the 
leading  current,  and  it  will  be  noted  that  the  conditions  are  Just  the 
reverse  of  those  shown  in  Figure  No.  1.  Here  the  reactance  volts 
Ex  adds  to  the  generator  volts  Eg,  producing  a  larger  value  of 
counter  E.M.F.  E  ,  while  the  armature  reaction,  when  subtracted 
from  the  resultant  field,  leaves  an  impressed  field  ampere  turns 
greater  than  the  required  resultant  field.  It  may,  therefore,  be 
stated  as  a  general  principle  that  when  a  synchronous  motor  is 
operated  on  leading  current,  the  armature  reaction  tends  to  weaken 
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the  field,  thus  increaaing  the  necessary  excitation  in  order  to  prodi 
the  required  resultant  magneto  motive  force. 

Rotary  ConVertebs. 

In  a  rotary  converter  the  current  in  the  windings  may  be  o 
sidered  as  made  up  of  two  components,  the  alternating  cnrr 
flowing  into  the  alternator  from  the  line,  and  the  direct  curr 
flowing  out  at  the  commutator.  The  alternating  current  is  of  t 
components,  one  a  wattless  component  with  respect  to  the  coui 
E.M.F.,  and  the  other  a  component  in  phase  with  the  counter  RlJ 
of  the  rotary.  It  is  only  that  component  of  alternating  curr 
which  is  in  phase  with  the  counter  E.M.F.  which  is  converted  1 
direct  current.    It  may,  therefore,  be  said  that  the  power  compon 


of  alternating  current  and  the  direct  current,  since  they  flow 
opposite  directions,  neutralize  each  other,  thus  producing  no  arn 
ture  reaction,  and  the  armature  reaction  df  the  rotary  can  be,  w 
a  fair  degree  of  accuracy,  assumed  to  be  produced  only  by  the  wa 
less  component  of  alternating  current. 

The  diagrams  of  the  synchronous  motor  are  applicable  to  1 
rotary  converter  with  the  above  change  of  armature  reaction.  1 
construction  of  the  rotary  converter  diagram  will  be  made  clear 
the  following  example:  (See  Figure  No.  3.)  Given  a  rotary  c( 
verter  operating  on  no  load,  to  find  the  reactance  necessary  foi 
given  compounding  at  a  given  power  factor  of  input.  At  no  1c 
the  impressed  E.M.F.  £„,  and  counter  E.M.F.  B  are  very  nea 
equal.  Lay  ofT  O.A.,  and  extend  indefinitely,  making  angle  p  1 
angle  corresponding  to  the  required  power  factor.  Lay  off  O.B.  1 
ahead  of  O.A.,  and  extend  indefinitely.  With  Bg  as  a  centre,  a 
required  counter  E.M.F.  E     (voltage  corresponding  to  D.C.  voltag 
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as  radius,  strike  an  arc  which  locates  point  E.  Ex  then  equals 
reactance  volts.  Complete  the  parallelogram  Em  O  £  £^, 
Lay  off  Iw  in  opposition  phase  to  E,„  and  equal  to  the  current 
corresponding  to  D.C.  output  Erect  a  line' at  I  perpendicular  to 
01  w  .  This  gives  i,  the  current  which  id  wattless  with  respect  to 
counter  E.M.F.,  and  the  only  current  producing  appreciable  armature 
reaction.  Xa  equals  this  armature  reaction  and  OX  equals 
field  ampere  turns  necessary  to  give  E .  on  no  load,  as  read  from 
the  no  load  saturation  curve.  Add  X^  and  X  ,  which  gives  OX,  the 
resultant  excitation  necessary.  X'  equals  excitation  necessary  to 
produce  no  load  voltage,  -  E  .  Subtracting  X'  from  X  leaves  Xo, 
the  necessary  compound  ampere  turns.  This  last  subtraction  must 
be  performed  algebraically,  and  not  vectorially.  As  soon  as  I  and 
£z  are  known,  the  reactance  which  must  be  inserted  in  the  line 
can  be  calculated.  The  above  diagram  may  be  constructed  by  using 
either  alternating  current  or  direct  current  quantities,  but  which- 
ever quantities  are  chosen  must  be  used  throughout  the  diagram. 
The  alternating  voltages  can  be  reduced  to  direct  current  voltages 
by  dividing  by  .612,  while  alternating  current  amperes  can  be 
reduced  to  direct  current  amperes  by  multiplying  by  1.06. 

Figure  No.  4  shows  the  application  of  the  foregoing  methods  to 
the  determination  of  the  "V"  curve  of  the  synchronous  motor.  The 
motor  has  six  poles,  with  2,500  field  turns  per  pole,  and  324  armature 
coils  of  one  turn  each.  The  "V"  curve  was  taken  with  a  reactance 
of  .0416  ohms  in  each  leg,  and  the  A.C.  voltage  was  kept  constant  at 
360  volts.  As  the  curve  was  taken  at  no  load,  the  power  factor  is 
80  low  in  all  cases  that  it  is  not  necessary  to  lay  out  the  diagram, 
as  all  vectors  with  which  we  have  to  deal  will  lie  so  nearly  in 
phase  with  those  with  which  they  add  or  subtract  that  the  opera- 
tions can  be  performed  algebraically  instead  of  vectorially.  All  the 
values  will  be  considered  in  A.C.  terms.  We  will  first  take  the  200 
ampere  point  for  leading  current— the  reactance  voltage  Ex  =200 
X  .0416  \/3"—  the  factor  v^  being  used  to  change  reactance  volts 
from  volts  per  leg  to  volts  across  lines.  With  the  leading  current 
reactance  volts  will  add  directly  to  the  generator  E.M.F.  This  gives 
Eg  =  360  -{- 14.35  =  374.35,  which  corresponds  on  the  no  load 
saturation  curve  to  5.9  field  amperes.  Since  the  rotary  converter 
when  considered  from  the  standpoint  of  a  D.C.  machine  is  a  six 
circuit  winding,  the  current  per  conductor  in  D.C.  terms  would  be 
200  X  1.06  divided  by  6.  This,  when  multiplied  by  the  total  number 
of  turns,  324,  and  divided  by  the  number  of  poles,  will  give  the 
ampere  turns  armature  reaction  per  pole. 
200  X   1.06  X  324 

6  X  6  X  2500  ^ 
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in  which  the  2,500  appears  in  the  denominator  to  reduce  to  field 
amperes.  This  armature  reaction  will  weaken  the  field,  and  require 
an  excitation  of  55.9  plus  .76  =  666  amperes. 

Checking  the  above  for  lagging  current  Bn>  =860  minus  14.35 
=  34565.  This  corresponds  to  no  load  excitation  of  4.5  amps. 
Xa  as  before  equals  .76  and  X,  374  amperes.  As  it  will  be  seen, 
the  two  above  points  coincide  very  closely  with  the  curve  which 
represents  values  actually  observed  on  test. 


II 
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DISCUSSION. 

rrof.Hcrdt  Pbof.   L.   A.    Hebdt    (A.  M.  Can.  Soc.  C.  E.}— The   paper   at  fl 

sight  appears  rather  of  a  theoretical  nature,  but  it  is  not  entirely 
Everything  that  relates  to  the  operation  qf  synchronous  mot 
and  rotary  converters  is  of  great  interest  to  electrical  enginec 
The  paper  explains  in  a  very  simple  way  how  it  is  possible 
compensate  by  field  regulation  for  the  low  power  factor  of 
supply  system. 

In  a  synchronous  motor  there  is  a  peculiar  relation  betw< 
the  strength  of  the  field  and  the  armature  current  In  operat 
continuous  current  motors,  if  the  field  is  altered,  the  motor  spi 
will  be  changed.  The  speed  of  a  synchronous  motor  cannot  chai 
permanently,  and  upon  first  consideration  it  would  appear  tl 
the  field  of  such  machines  must  be  exactly  adjusted  In  order  ti 
it  may  operate  satisfactorily.  This  is  not  the  case,  however.  W 
a  change  of  field  excitation  the  armature  current  lags  or  leads 
counter  E.  M.  F.  on  account  of  the  self-induction  of  the  mol 
It  is  this  self-induction,  that  is,  the  armature  self-inductai 
which  allows  a  difterence  to  exist  between  the  impressed  press 
and  the  back  pressure  of  the  motor.  If  it  was  not  for  this  the  rai 
of  load  that  could  be  carried  with  a  given  excitation  would  be  qi 
small.  The  armature  current  of  a  synchronous  motor  has  theref 
an  inphase  and  a  wattless  component.  The  inphase  compon 
depends  on  the  true  load  on  the  machine;  the  wattless  compon 
depends  upon  the  phase  difference  of  the  impressed  and  oouc 
electro-motive  force.  Looking  at  figure  1,  the  current  01  is  she 
to  lag  behind  the  impressed  B^  by  an  angle  ^  ,  this  current  le 
the  current  B.  M.  F.  (B^).  Now  this  armature  current,  flow 
through  the  armature  winding  as  a  leading  current,  sets  ui 
magneto-motive  force,  assisting  the  field  M.  M.  F.;  that  Is,  O'X 
greater  than  OX^    OX    representing  the  field  ampere  turns. 

Prof.Herdt  In  figure  2  the  current  leads  the  impressed  pressure,  but  1 

behind  the  counter  B.  M.  F.;  the  armature  M.  M.  F.,  instead 
assisting  the  field  ampere  turns,  tends  to  demagnetize  the  mach: 
It  must  be  over-excited,  and  leading  currents  are  sent  out  ha'v 
a  condenser  effect  on  the  supply  circuit. 

It  is  stated  in  the  paper  that  the  line  OB  is  the  product  of 
total  current  and  the  total  reactance  X  of  the  circuit.  What  Is 
Presumably  it  is  the  leakage  reactance  of  the  motor. 

Mr.  Mccormicic         Mr.  McCormick. — X  Is  the  reactauce. 
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There  is  a  difference  between  armature  reaction  and  armature  ^^'-  h*^* 
reactance.  The  line  OB  is  the  product  of  the  current  by  the 
armature  leakage  reactance.  This  measures  an  B.  M.  F.  of  self- 
induction  at  right  angles  to  the  current.  The  armature  current 
sets  up  besides  this  a  M.  M.  F.,  assisting  or  weakening  the  field 
flux,  this  is  acting  with  or  against  the  field  ampere  turns.  The 
armature  ampere  turns  also  set  up  a  cross  magnetizing  effect,  the 
two  effects  combine  and  come  under  the  term  of  armature  reaction. 
The  differentiation  between  armature  reaction  and  armature 
reactance  is  Important,  and  these  two  terms  should  not  be  confused. 
This  point  has  been  brought  up  for  the  following  reason:  Mr. 
McCormick  says  "Lay  off  X  inphase  with  the  current  representing 
the  armature  reaction  to  any  desired  scale."  The  speaker  would 
call  it  armature  M.M.F.,  not  armature  reaction.  If  OX^  is  measured 
off  in  armature  ampere  turns,  OX^  should  also  be  measured  in 
ampere  turns. 

The  disagreement  between  Professor  Herdt  and  the  speaker  lies  vr.  MoCormiok 
entirely  in  the  matter  of  terms;  both  refer  to  the  same  phenomena. 
The  term  "armature  reaction"  refers  to  what  Prof.  Herdt 
considers  as  the  magnetic  effect  of  armature  current,  while 
by  the  term  "reactance"  is  meant  the  inductive  reactance  or  leakage 
reactance  in  the  motor,  and  also  whatever  reactance  in  the  form 
of  choke  coils  may  have  been  placed,  one  in  each  phase  of  the 
line,  in  order  to  obtain  the  desired  boosting  effect.  Prof.  Herdt 
has  mentioned  another  point  which  is  worthy  of  consideration. 
Altering  the  excitation  of  a  rotary  converter  will  not  change  the 
voltage  on  the  direct  current  side.  The  excitation  can  be  changed 
through  a  considerable  range  with  only  a  slight  variation  in  the 
direct  current  voltage,  unless  there  is  appreciable  reactance  in  the 
circuit  Suppose  B^  (Fig.  3)  to  be  the  line  voltage.  If  the 
reactance  in  the  circuit  is  negligible,  then,  no  matter  how  large  the 
current,  B  will  be  very  small.  In  other  words,  the  counter  electro- 
motive force  B  will  be  almost  exactly  equal  to  the  line  voltage 
Eg,  Now  suppose  the  excitation  of  the  rotary  to  be  increased. 
¥he  counter  electro-motive  force  B  must  remain  practically  the 
same,  since  B  is  very  small.  The  question  then  arises,  how  can 
the  counter  electro-motive  force  remain  unchanged  when  the  field 
excitation  has  been  varied?  The  explanation  is,  that  in  order  tnat 
£  may  remain  constant,  there  must  be  a  current  flowing  in  the 
armature  which  will  weaken  the  field  to  practically  its  original 
value.  In  other  words,  the  field  and  armature  ampere  turns  "buck" 
each  other,  and  the  resultant  field  is  Just  about  the  same  within 
a  small  per  cent,  as  it  was  before. 
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ifr.Grier  Mr.  G.  Grier  (S.  Can.  Soc.  C.  E.) — There  are  some  points  in  t 
paper  that  appeal  to  the  speaker  in  particular,  one  of  them  is  ' 
yery  practical  side  of  the  paper,  and  the  other  has  reference 
page  (1).  One  finds  there  the  statement  that  **a8  a  rule  in  treat: 
the  operation  of  synchronous  motors  and  rotary  converters  1 
diagrams  are  constructed  without  reference  to  the  effect 
armature  reaction."  This  statement  applies  more  to  the  meth< 
given  in  text-boolcs,  as  the  methods  of  treating  armature  reactj 
and  armature  self-induction  as  separate  phenomena  have  been  ui 
for  a  numbed  of  years  by  manufacturing  companies.  Formerly 
was  considered  sufficient  to  consider  the  effect  of  load 
synchronous  motors  or  generators  as  being  due  to  either 
synchronous  impedance  or  all  armature  reaction,  that  is  the  eff 
of  armature  self-induction  and  armature  reaction  were  treated 
represented  by  one  vector  quantity.  It  is  well  known  both 
these  methods  give  results  wide  of  the  truth. 

By  referring  to  Mr.  McCormick's  paper  one  sees  that  armat 
self-induction  is  treated  separately  from  the  armature  reacti 
Prof.  Herdt  does  not  seem  to  agree  entirely  with  the  way  armat 
reaction  is  considered  in  this  paper.  Where  he  disagrees  w 
the  methods  as  given  is  that  the  quantity  X  or  the  total  armat 
reaction  is  not  properly  considered  as  consisting  of  two  cc 
ponents,  namely,  the  demagnetizing  and  the  cross  magnetiz 
component. 

The  necessity  of  treating  these  two  components  separately  i 
be  readily  understood  when  one  realizes  that  the  fluxes  set 
by  these  two  components  have  different  magnetic  circu 
the  cross  magnetizing  flux  is  independent  of  the  saturation  of 
field  poles,  whilst  the  flux  set  up  by  the  demagnetizing  oompon 
is  dependent  on  the  reluctance  of  the  entire  magnetic  circuit  of 
machine.  Another  point  worthy  of  mention  is  that  in  calculat 
the  armature  reaction  from  the  known  constants  of  the  machi 
due  account  should  be  taken  of  the  ratio  of  pole  arc  to  pole  pil 

In  1899,  the  speaker  in  conjunction  with  Mr.  J.  C.  H3 
obtained  some  rather  interesting  performance  curves  on  some  rot 
converters  in  the  electrical  laboratory  of  McGill  University.  ' 
effect  of  placing  reactance  coils  in  the  alternating  current  side  i 
varying  the  excitation  on  the  rotary  by  means  of  series  field  tui 
was  to  raise  the  direct  current  voltage  with  load,  the  line  volt 
remaining  constant.  Without  these  reactance  coils  the  direct  c 
rent  voltage,  under  the  same  conditions  of  load,  fell  off  oonsideral 
By  running  the  machines  as  direct  current  motors  and  feed 
into  an  alternating  current  circuit,  change  of  power  factor  of 
alternating    current    circuit    was    accompanied    with    considerc 
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change  in  speed  of  the  machine  run  in  this  fashion  as  an  inverted  Hr.  art«r 
rotary.  This  gave  a  very  good  illustration  of  the  effect  of  thcL 
armature  reaction  on  the  resultant  strength  of  the  field.  It  was 
found  that  with  strong  lagging  currents  and  light  inphase  currents, 
the  speed  would  approach  dangerous  limits,  as  under  these  condi- 
tions the  resultant  armature  reaction  of  the  alternating  and  direct 
currents  is  considerable.  The  ratio  of  impressed  alternating  voltage 
to  direct  current  voltage  for  machine  running  light  was  found  to 
be  independent  of  the  speed  as  well  as  the  excitation.  In  attempt- 
ing to  run  these  rotaries  in  parallel  on  both  sides,  we  were 
reminded  forcibly  of  the  fact  that  there  is  an  electrical  connection 
between  the  alternating  current  and  direct  current  sides,  and  that 
to  prevent  the  interchange  of  idle  currents  it  would  be  advisable  to 
connect  the  machines  together  magnetically  on  the  alternating 
current  side  by  means  of  transformers. 

There  is  another  point  well  illustrated  by  Mr.  McCormick's 
paper,  that  is,  how  closely  electrical  engineers  can  predict  the 
performance  of  electrical  apparatus. 

One  could  continue  to  talk  for  some  time  on  this  very  important  Prof.  Herdt 
matter,  "Armature  reaction  in  A.  C.  machines";  however,  Mr.  Grier 
has  just  given  a  pretty  clear  description  of  the  subject.  The 
fact  is  that  synchronous  motors  are  nothing  else  than  alternators. 
The  motor  performance  is  similar  to  that  of  the  generator.  There 
is  a  diagram  that  omits  the  mistakes  that  Mr.  Grier  has  shown  to 
exist  in  the  ones  he  discussed.  This  subject  will  probably  be 
brought  up  for  discussion  at  another  time. 

Mr.  Grier's  remarks  concerning  the  accuracy  of  electrical  Hr.  Mccormick 
calculations  brings  up  a  point  which  is  a  hobby  of  the  speaker,  that 
electrical  engineers  are  required  to  "hit  it  exactly."  The  mechanical 
engineer  uses  a  factor  of  safety  of  whatever  strikes  his  fancy,  while 
the  electrical  engineer  must  be  able  to  predetermine  his  quantities, 
such  as  power  factor  and  efficiency,  to  a  nicety.  The  electrical 
engineer  works  on  small  margins  of  a  few  per  cent,  while  the 
mechanical  engineer  works  on  margins  of  several  hundred  per  cent. 


MINING  SECTION. 

President — ^J.  B.  Pobteb. 
Vice-President— J.  B.  Habdmak. 

A  meeting  of  the  Mining  Section  was  held  on  28th  March,  Dr 
B.  Porter,  President  of  the  Section,  in  the  chair. 

The  following  papers  were  read  hy  title:— 

"Notes  of  the  Construction  of  the  McAdoo  Tannels  between  ^ 
York  and  Jersey  City,"  by  J.  G.  Dickenson. 

"Pyrometers  for  Blast  Furnace  Work,"  by  G.  B.  Drummon< 

"Chromlte  Mining  and  Concentration  near  Beach  Lake,  P.  i 
by  R.  H.  Paterson. 

"Basic  Open    Hearth   Steel    Manufacture   as  carried  out  at 
Dominion  Iron  &  Steel  Company's  Works  at  Sydney,  C.  B.,"  bj 
E.  Lathe. 


BUSINESS  MEETING. 

A  business  meeting  was  held  on  4th  April,  at  8.00  p.m.,  Mr. 
McLea  Walbank,  President,  in  the  chair. 

The  following  communication  from  the  Council  was  read: 
Resolution  of  "It  has  been  decided  to  return  to  the  practice  of  sending 

Adiance  Proofs  advance  proofs  to  all  members  of  the  Society,  including  studei 
BuuJtin"*^^^      that  in  addition  a  monthly  bulletin  be  issued  giving  a  summary 
the  proceedings  of  the  ordinary  meetings,  and  other  informal 
likely  to  be  of  interest  to  the  members  generally." 
Appointment  of       The  actlou  of  the  Council  in  appointing  a  committee  to  cons 

Committee  on 

TranHportation  problems  In  relation  to  railway  maintenance  and  transportation 

Problems. 

also  reported. 
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GENERAL  SECTION. 

President— W.  F.  Tye. 
Vice-President— J.  G.  G.  Kbbby. 

A  meeting  of  the  General  Section  was  held  April  11,  1907,  in  the 
Society's  rooms.  Mr.  J.  G.  G.  Kerry  occupied  the  chair.  A  number 
of  prominent  railway  men  were  present.  The  following  discussion 
took  place.  At  the  close  of  the  meeting  it  was  decided  to  renew 
the  discussion  on  this  important  subject  at  the  beginning  of  next 
session,  and  in  the  meantime  to  invite  correspondence  from  all 
Interested  in  the  question. 

It  was  regretted  that  a  number  of  prominent  engineers  who  had 
been  invited  to  attend  this  meeting  had  found  it  impossible  to  be 
present. 

DISCUSSION  ON  STEEL  RAIL  FAILURES. 

Mb>  J.  G.  G.  Kerry  (M.  Can.  Soc.  C.  E.) — A  number  of  men  with  urKerrj 
great  experience  in  the  manufacture  and  use  of  steel  have  in  the 
past  few  years  taken  up  the  problem  of  the  betterment  of  the 
steel  rails  now  4ipon  the  market.    Their  results  have  not  been  very 
definite. 

The  object  of  the  meeting  to-night  is  to  hear  these  results  and 
the  opinions  of  those  men  best  qualified  to  speak .  upon  the  rail 
question,  and  it  is  hoped  that  after  their  suggestions  have  been 
heard  they  will  be  fully  discussed.  It  occurred  to  the  speaker  that 
this  would  be  the  best  method  of  carrying  out  the  desires  expressed 
by  the  meeting  of  this  Society  (held  February  14),  which  appointed 
him  a  committee  of  one  to  investigate  the  question  of  the  better- 
ment of  present  steel  rails. 

It  might  be  advisable  at  the  beginning  of  the  discussion  to 
hear  of  the  character  of  the  rail  failures  which  actually  take  place, 
Mr.  Mountain  will  introduce  the  subject  by  telling  of  his  experience 
along  this  line. 

Mr.  G.  a.  Mountain  (M.  Can.  Soc.  C.  E.)— A  discussion  of  this  Mr.  Mounum 
kind  must  prove  of  value  in  seeking  for  explanations  for  the  failure 
of  steel  rails. 

A  great  many  rail  failures  are  caused  by  breaking,  but  whether 
or  not  frost  is  the  immediate  agent  it  is  difficult  to  say.  The  Rail- 
way Maintenance  Committee  have  been  discussing  the  question  of 


102  Discussion  on  Steel  Rail  Failures 

rails  for  some  time.  They  seem,  however,  to  *have  made  li 
progress  beyond  discussion  on  the  advisability  of  recommend 
open  hearth  steel. 

The  most  typical  characteristic  of  the  rail  failures  within 
experience  is  the  presence  of  flaws  running  longitudinally  al< 
the  base  of  the  rail.  Several  of  these  rails  were  pre 
old,  rolled  some  years  ago,  so  it  was  not  a  question  of 
new  rail.  In  some  of  the  100  lb.  rails  square  breaks  occur 
across.  In  looking  over  the  track  there  were  several  with  fla 
running  the  full  length,  of  which  the  heads  were  breaking  out. 
Mr.ouMiiut  Mb.   F.  p.  Gutelius   (M.  Can.  Soc.  C.  E.) — The  rail  failures 

the  G.  P.  R.  during  the  last  few  years,  more  particularly  dur: 
1901-1902,  seem  to  have  been  due  to  flattened  ends  and  pipes  in  i 
rails. 

The  investigations  showed  that  flattened  ends  occurred  eitl 
in  rails  that  were  soft  or  contained  a  pipe.  As  a  result  the  i 
widened  out  at  the  head  to  as  much  as  one-half  inch  in  excess 
the  width  of  the  original  rail.  It  became  necessary  to  renew  ra 
that  otherwise  appeared  to  be  sound,  on  account*  of  this  flatteni 
and  the  subsequent  reduction  in  the  height  of  the  rail. 

The  next  important  cause  of  rail  failures  was  due  to  the  pli 
open  cavities,  or  seams  in  the  rails  produced  in  the  original  ini 
during  the  process  of  rolling. 

These  pipes  are  caused  by  the  rolling  out  of  a  gas  bubble,  s 
sometimes  they  extend  through  the  entire  length  of  the  rail.  1 
bubble  may  have  been  globular  in  the  original  ingot,  which  v 
six  or  eight  feet  in  height.  When  the  ingot  is  rolled  into  rails 
is  increased  in  length  to  180  or  200  feet,  and  in  some  cases  wh< 
small  rails  are  being  rolled  from  the  larger  ingots  this  increase 
doubled. 

The  failure  of  a  pipe  rail  is  caused  by  the  detachment  ol 
piece  of  rail  on  one  side  or  other  of  the  head.  These  piped  ra' 
however,  if  carefully  inspected,  could  be  detected  and  remoi 
before  anything  more  than  a  receding  had  taken  place.  To  1 
trained  eye  a  pipe  becomes  apparent  as  a  black  streak  on  the  s^ 
face  of  a  rail  which  otherwise  would  be  bright.  The  more  rea 
rail  failures  consist  of  a  breakage  in  the  base  of  the  rail. 
typical  break  during  the  past  two  years  has  been  a  break  paral 
to  the  axis  of  the  rail,  causing  a  piece  from  8"  to  24"  long  to  Jui 
out  of  the  side  of  the  flange.  When  the  fracture  is  examin 
along  the  base  of  the  rail  there  is  a  smooth  surface  or  com 
which  appears  to  have  been  caused  by  a  fold  in  the  rolling  of  t 
rail.  This  fold  in  many  cases  is  simply  skin  thick,  that  is,  oi 
of  sufficient  depth  to  give  a  smooth  surface  like  the  edge  of 


.    Discussion  on  Steel  Rail  Failures  103 

knife  at  the  point  fractured.  The  piece  breaking  out  from  this  Mr.auteiiat 
line  of  weakness  started  possibly  by  this  little  fold,  to  which 
reference  has  been  made,  and  will  work  its  way  through,  following 
the  line  of  least  resistance.  A  very  small  amount  of  traffic  will 
then  cause  it  to  break.  Now  this  character  of  break  covers  rails 
which  the  C.  P.  R.  have  been  using  during  the  past  two  years,  that 
are  rolled  in  conformance  with  their  recent  specifications,  which 
require  in  Bessemer  steel  a  carbon  content  of  from  .53%  to  .63%,  « 

with  an  average  for  the  lot  of  rails  between  .57%  and  .5^%.  of  carbon. 
The  amount  of  carbon  was  increased  from  .45%  to  .50%,  which  is 
considered  the  commercial  specification  to  this  higher  rate  on  account 
of  the  original  experience  with  soft  rails.  This  increase  in  the  car- 
bon has,  so  far  as  can  be  judged,  stopped  the  original  difficulty  with 
flattened  ends.  Whether  this  additional  carbon  and  the  rearrange- 
ment of  the  other  chemical  contents,  viz.,  the  reduction  of 
phosphorus  to  .085%  in  Bessemer  and  .06%  in  open  hearth,  and  the 
sulphur  manganese,  being  in  accordance  with  the  standard  speci- 
fications, have  any  influence  upon  the  structure  of  the  steel,  it  is 
difficult  to  say.  It  would  seem  that  the  difficulties  in  connection 
with  rail  breaks  are  not  caused  by  their  chemical  content,  but  are 
rather  due  to  the  mechanical  defects.  Lack  of  homogeneity  in  the 
mass  of  the  steel  seems  to  be  the  cause.  Ninety  per  cent.,  speaking 
generally,  of  the  breakages  not  traced  to  track  or  rolling  stock 
causes,  have  been  on  account  of  what  appear  on  examination  to 
be  mechanical  defects  similar  to  the  defects  that  were  spoken  of 
in  connection  with  the  typical  breaks. 

Speaking  of  the  chemical  contents  of  rails  generally,  some  years 
ago  when  soft  rails  seemed  to  be  inevitable,  and  the  outlook  for 
better  steel  was  discouraging,  the  C.  P.  R.  had  some  hundred 
chemical  analyses  made  of  rails  that  were  known  to  be  good,  of 
those  that  had  proved  bad,  and  of  ordinary  rails.  These  analyses 
were  made  by  reputable  chemists,  ohe  Canadian  and  two  Ameri- 
cans, from  drillings  taken  by  the  expert  of  the  C.  P.  R.  The 
results  obtained  were  tabulated.  The  best  lot  of  rails  gave  the 
poorest  chemical  results,  whereas  the  best  chemical  composition 
belonged  to  the  rails  that  had  been  considered  the  worst.  This 
indicated  that  good  chemical  composition  is  not  the  only  require- 
ment for  good  rails. 

It  would  appear  from  ordinary  experience  that  the  difficulties 
to  be  overcome  are  mechanical  ones.  Whether  they  are  caused 
by  too  much  carbon,  too  infrequent  rolling,  or  by  poor  mixture  or 
mill  practice,  is  not  known. 

It  has  been  intimated  that  there  is  a  tremendous  epidemic  of 
rail  breaks.    The  breaks  on  the  C.  P.  R.  tracks,  which  cover  from 
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Mr.  GutoUiu       8,000  to  10,000  miles,  have  In  the  last  twelve  months  not  exceed 
those  of  the  previous  year. 

A  great  many  of  the  rails  being  used  by  the  C.  P.  R.  are  na 
in  Canada,  and  one  brand  in  particular  is  giving  very  good  resu 
These  rails  have  been  given  19  or  20  passes  during  the  process 
rolling  them,  and  the  extra  amount  of  work  thus  done  on 
steel  seems  to  be  beneficial  to  the  final  product.  This  is  suppor 
by  the  fact  that  the  poorest  rails  are  those  made  in  large  AmerK 
mills,  which  have  been  produced  after  10  or  11  passes. 

If  the  rails  could  be  produced  entirely  homogeneous,  rail  bret 
would  be  minimized. 

ifr.  Kerry  To  sum  up,  it  would  appear  that  the  change  in  chemical  o 

tents  has  had  a  beneficial  influence  upon  the  hardness  of  the  i 
m  the  matter  of  flattening.  At  the  same  time,  if  the  C.  P.  R.  I 
changed  the  chemical  content  and  had  the  rails  manufactured 
the  same  mills,  it  is  not  certain  that  the  results  would  have  bi 
so  satisfactory,  that  is,  the  individuality  of  the  mill  must  be  ad< 
to  the  chemical  content. 

The  improvement  is  the  result  of  the  two,  the  manufacture  a 
the  specification. 

Mr.uuteiius  One  or  the  other,  or  both,  might  be  the  reason.    From  a  lai 

number  of  analyses  that  have  been  made  of  broken  rails,  sufflci< 
information  has  never  been  obtained  to  enable  one  to  say  tl 
any  rail  was  broken  because  the  carbon  was  too  high  or  i 
phosphorus  too  high,  or  the  sulphur  too  high,  but  the  results  w< 
generally  what  would  indicate  fair  chemical  composition.  G 
speaks  of  segregation,  which  is  understood  as  being  a  coUectJ 
of  one  or  more  of  the  chemical  constituents,  as  a  possible  cau 
but  one  does  not  usually  find  it. 

Mr.  Kerry  Have  you  had  any  success  in  your  experience  in  reducing  1 

number  of  failures  from  pipes,  and  what  special  steps  have  y 
taken  to  meet  that  difficulty? 

Mr.  GuteiiuB  The  C.  P.  R.  specification  calls  for  the  end  of  the  bloom  to  be  < 

oft  at  a  point  where  the  last  of  the  broom -like  structure  is  notici 
and  then  to  cut  oft  another  foot  into  seemingly  solid  steel.  1 
number  of  failures  from  pipes  during  the  past  two  years  I 
been  very  low. 

Mr.  Kerry  You   would   attribute   that   to    the    specification    requiring   t 

additional  foot  to  be  cut  oft? 

Mr.Guteiius  Yes,  that  means  that  the  only  bubbles  remaining  are  those  tl 

are  well  down  in  the  ingot,  and  these  would  be  exceedingly  sm 
on  account  of  the  pressure. 

Mr.  Kerry  Does  there  seem  to  be  any  relation  between  temperature  a 

failures? 
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There  does.    Ninety  per  cent,  of  the  rail  failures  occur  in  the  Mr.  outeiius 
months  of  January,  February,  and  March,  i.e.,  during  the  winter 
season. 

Are  these  failures  due  to  the  rigid  support  under  the  rails,  or  Mr.  Kerry 
to  the  peculiar  characteristics  of  the  cteel  at  low  temperatures? 

So  far  as  can  be  ascertained,  the  rail  is  not  perceptibly  ^^  Guteiiu» 
more  brittle  when  it  is  cold  than  when  it  is  warm.  It  would  be 
interesting  to  have  a  series  of  tests  made  to  show  the  difference 
in  the  brittleness  of  the  rail  or  steel  of  any  kind  at  various  tem- 
peratures, particularly  temperatui;es  below  20  degrees  below  zero. 
Then,  too,  experiments  should  be  made  with  the  rail  itself  where 
the  temperature  during  a  period  of  24  hours,  we  will  say,  varied 
60  degrees. 

Does  the  frequency  of  failures  coincide  with  the  incoming  of  low  Mr.  Kerry 
temperatures  or  great  change  of  temperature? 

That  can  scarcely  be  positively  affirmed.  In  the  case  of  a  Mr.  aateiiu.s 
recent  epidemic  of  breaks  that  have  occurred  in  two  or  three  days' 
time  in  a  locality  not  covering  more  than  20  miles,  there  was 
considerable  variation  in  the  temperature  during  the  preceding 
three  or  four  days,  but  nothing  greater  than  these  same  rails  had 
probably  undergone  in  previous  winters. 

While  the  question  of  rail  breaks  is  a  very  serious  one,  is  it  ^'-  Kerry 
anything  like  as  serious  as  it  is  generally  considered,  or  as  would 
appear  from  press  discussions? 

No,  it  happens  that  this  evening  we  read  about  a  very  serious  "•'•  Q"^"°» 
accident.    That  is  the  only  accident  of  any  consequence  tnat  has 
occurred  on  the  Canadian  Pacific  Railway  on  account  of  broken 
rails. 

As  a  matter  of  fact,  though  a  rail  does  break  occasionally,  the  Mr.  Kerry 
percentage  is  exceedingly  small,  is  it  not? 

The  C.  P.  R.  give  a  section  foreman  two  rails  to  the  mile  for  his  Mr.  outeiins 
winter  supply,  and  that  is  expected  to  cover  all  of  the  breaks  or 
failures  from  any  cause  which  would  occur  in  that  mile  during 
the  year. 

^  Of  course  there  are  many  rail  racks  that  never  need  to  be 
refilled.  There  are  other  sections  where  rail  racks  require  new  rails 
once  a  year,  and  occasionally  an  epidemic  of  breaks  occurs  in  which 
half  a-dozen  rails  go  Into  the  same  mile,  but  three  or  four  such 
epidemics  would  cover  any  experience  on  the  C.  P.  R.  in  the  last 
four  or  five  years. 

Are  these  accidents  not  attributable  to  some  difficulty  of  the  Mr.  Kerry 
road  or  with  the  rolling  stock? 

Yes,  they  frequently  are.    It  is  often  difficult  to  attribute  them  mi-.  outeiiu.. 
to  the  rail  directly.    It  is  possible  that  the  punishment  which  the 
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rail  receives  on  account  of  the  rigid  track,  heavy  traffic,  i 
variation  of  temperature,  will  prove  too  much  for  a  weak  rail 
withstand.  The  weak  rails  in  a  lot  are  probably  those  that  h 
had  pipes  or  little  folds  in  them.  These  rails  might  hold  if 
temperature  were  not  too  severe,  if  the  frost  had  not  penetra 
too  deeply  into  the  ground,  or  if  the  tracks-  were  not  so  ri| 
Under  lighter  traffic  they  might  hold. 

Does  the  C.  P.  R.  contemplate  any  change  in  its  specification 
testing? 

No,  the  C.  P.  R.  believes  that  it  has  the  best  rail  laid  on 
American   Continent.    The   breaks   on   this   road   are  very   mi 
less  numerous  than  those  of  other  railways,  and,  generally  epe 
ing,  the  outlook  for  rails  is  not  nearly  as  alarming  as  it  was  l 
years  ago. 

In  cases  of  accident,  is  it  a  difficult  matter  to  prove  whether 
break  in  the  rail  occurred  before  or  after  the  accident?  Do 
broken  surfaces  ofter  clear  indications? 

After  the  location  has  been  examined  by  the  Track  Departm< 
the  Locomotive  Department,  and  the  Car  Department,  it  is  v 
seldom  that  the  cause  of  the  accident  is  not  ascertained.  ' 
first  newspaper  telegraphic  reports  are  usually  wrong.  They 
usually  written  by  somebody  who  does  not  know,  and  who, 
order  to  make  a  good  story,  must  attribute  it  to  some  cause 
another.  The  broken  rail  or  spread  track  is  the  simp 
explanation  for  the  average  newspaper  writer  to  ofter. 

As  regards  Mr.  Gutelius'  remarks  that  the  number  of  bro 
rails  is  small,  the  indications  are  rather  that  there  are  more  a 
dents,  generally,  in  Canada  from  broken  rails  this  last  tw< 
months  than  there  were  previously. 

Mr.  Burpkb. — ^Judging  from  personal  observations  and  experlc 
during  the  past  winter  and  during  previous  winters,  gener 
speaking,  there  have  not  been  more  broken  rails  than  previou 
except  on  two  roadmasters'  divisions,  which  included  the  r 
between  St.  John  and  Truro.  On  these  two  divisions  a  great  m 
more  rails  have  been  broken  than  is  usual.  As  the  rails  were  < 
great  many  difiPerent  brands,  some  from  the  United  States,  fi 
Sydney,  from  Germany,  and  some  from  the  Soo,  there  does 
seem  to  be  a  greater  percentage  of  rails  broken  of  one  kind  t 
of  another.  The  German  rails  that  are  in  the  tracks  are  consid< 
much  softer  than  the  other  rails.  That  has  been  demonstn 
by  the  flattening  of  the  rails  at  the  joints  and  otherwise;  but 
number  of  rails  of  harder  quality  that  have  been  broken  is  equ 
great.  During  the  winter  a  number  have  broken  on  one  side  of 
track,  the  majority  of  these  breaks  being  in  the  district  bet^ 
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St.  John  and  Truro,  and  occurring  on  the  south  side  of  the  track. 
II  would  lead  one  to  think  that  it  was  a  broken  wheel  that  punished 
the  rail  at  some  period.  Of  course  that  is  something  that  has  not 
been  found  out,  but  on  the  other  parts  of  the  road  it  is  not 
apparent  that  there  have  been  more  broken  rails  this  winter  than 
preyiously.  On  the  road  between  here  and  Moncton,  and  between 
St  John  and  Moncton,  there  are  a  lot  of  67  lb.  rails  lying  alongside 
of  80  lb.  rails.  Nothing  seems  to  point  to  the  fact  that  the  67  lb. 
rails  break  any  more  readily  than  th^  80  lb.  rails.  One  would  think 
that  the  rolling  stock,  and  particularly  the  engine  which  is  used 
to-day,  and  which  is  double  the  weight  of  what  was  used  a  few 
years  ago,  would  require  heavier  rails  even  than  the  80  lb.  rails, 
which  are  the  present  standard.  A  few  years  ago  the  56  lb.  rail 
was  considered  a  good  rail  for  the  rolling  stock  at  that  time.  The 
heavier  rolling  stock  is  to  a  certain  extent  being  used  on  the  56  lb. 
rails  to-day,  and  it  is  a  question  whether  the  skin  of  the  rail  has 
not  something  to  do  with  the  breakage. 

What  was  the  weight  of  the  rail  on  the  track  you  mentioned?  ^t.kbttj 
The  greater  part  of  it  consisted  of  80  lb.  rails.  Mr.  Burpee 

It  was  comparatively  new  rail  that  had  not  been  in  service  more 
than  a  couple  of  years.  Some  had  been  in  service  since  1899,  that 
is  eight  years.  Of  course  it  Is  well  known  the  80  lb.  rail  remains 
better  than  the  66  or  67  lb.  rails.  It  creeps  less  and  separates 
less  or  spreads  less,  and  the  100  lb.  and  110  lb.  rails  are  still  better 
in  that  respect. 

How  much  110  lb.  rail  is  there  on  the  I.  C.  R.  lines?  sir. Kerry 

About  35  miles  of  it.    However,  the  rails  have  not  proved  as  Mr.  Burpee 
satisfactory  as  one  should  like  them  to  have  done.    There  was 
probably  something  wrong  in  the  manufacture.    The  rail  surface 
was  very  bad,  and  as  a  result  the  tops  of  the  rails  flattened  and 
smashed. 

The  interior  would  be  fairly  soft?  Mr.  Kerry 

Tes,  and   brittle.    One  cannot  explain  why  some  of  the  rails  Mr.  Burpee 
break  on  some  sections  any  more  than  on  others,  unless  it  is  that 
they  are  frozen  in,  that  there  is  more  ice,  and  that  the  track  is 
more  rigid. 

Is  there  anything  typical  in  the  break?  Mr.  Kerry 

No,  nothing.  Some  of  them  are  square  clean  breaks,  others  Mr.  Burpee 
break  through  the  bolt  holes.  What  Is  required  is  an  investigation 
of  the  rails  without  defects,  which  break,  and  to  flnd  out  why  it  is 
that  they  break,  but  the  probability  Is  that  breaks  and  broken 
rails,  as  well  as  railway  accidents,  will  exist  while  there  are  rail- 
ways. The  I.  C.  R.  only  had  two  railway  accidents  caused  by  or  due 
to  broken  rails,  and  these  were  with  freight  trains.    No  passenger 
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train  accidents  occurred  at  all,  and,  as  elsewhere,  these  accidents  al 
took  place  in  the  midwinter  months. 

So  that  in  reality  rail  breaks  all  occur  in  winter? 

Yes,  the  greatest  proportion  of  breakages  occur  in  the  month  o 
March,  during  the  time  when  the  track  is  frozen  into  the  ice,  ver: 
rigidly.  That  is  the  time  one  looks  more  particularly  for  brokei 
rails,  more  so  than  in  the  colder  months. 

Is  there  trouble  when  a  good  deal  of  ice  holds  down  the  raili 
firmly,  underneath  the  rails? 

Yes,  there  is  then  no  chance  for  the  track  to  give. 

Are  you  fairly  well  satisfied  with  the  present  specification  of  tin 
I.  C.  R.? 

Yes.  The  rails  which  the  I.  C.  R.  have  received  from  th« 
Sydney  mills  have  been  rolled  on  what  is  called  the  sanitar: 
specification.  The  silica  is  taken  out  of  the  middle  of  the  rail  sju 
then  added  afterwards,  and  the  head  of  the  rail  is  sprinkled  wit! 
a  water  jet  during  the  process  of  rolling.  It  is  hoped  that  tin 
benefit  of  that  specification  will  be  realized.  Mr.  Sandberg  say 
that  a  great  number  of  the  roads  in  England  are  adopting  tha 
specification  at  the  present  time. 

The  purpose  of  that  treatment  is  to  give  a  harder  rail  and  t 
retain  the  toughness  of  the  steel.  The  combination  of  th 
ingredients  causes  this  toughness,  and  will  make  the  rail  mud 
harder. 

Up  to  the  present  time  has  the  rail  been  long  enough  in  th 
track,  that  is,  a  sufficient  length  of  time  to  be  able  to  form  an 
marked  opinions  as  to  its  wearing  qualities? 

Some  of  them  have  been  in  about  a  year  or  over  a  year. 

Do  they  show  about  the  same  percentage  of  breaks? 

Yes,  but  the  wear  is  not  so  great.  The  joints  are  standing  u 
better  than  the  other  rails  did,  and  this  in  spite  of  the  fact  tha 
the  first  year  is  the  hardest  on  rails  as  far  as  flattening  goes. 

Will  soft  rails  show  inside  of  a  year? 

Yes,  and  the  rolling  of  the  wheels  will  harden  the  surface  of  th 
rail. 

Would  you  consider,  Mr.  Burpee,  that  the  average  rail  at  presec 
Is  an  overloaded  rail,  having  in  view  both  the  increase  of  th 
rolling  stock  and  the  increase  in  the  speed  of  trafllc? 

It  might  be.  However,  until  the  present  the  rails  were  so  soi 
that  the  ends  of  the  heavier  sections  were  soft  enough  to  masi 
This  so  diminished  the  life  of  the  rails  that  it  almost  prohibite 
the  use  of  heavier  sections  by  the  companies. 

If  specifications  for  heavier  sections  will  give  as  good  results  a 
the  56  lb.  rails,  there  is  no  reason  why  the  former  should  not  t 
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introduced.  As  the  67  lb.  rails  have  not  broken  to  any  greater 
extent  than  the  80  lb.  ones,  it  would  go  to  show  that  the  section 
is  really  strong  enough  to  stand  the  load.  The  advantage  of  the 
80  lb.  rails  Is  that  they  are  not  so  apt  to  spread  under  the 
movement  of  traffic. 

Mb.  Henbt  Holgate  (M.  Can.  Soc.  C.  E.) — Mr.  Gutelius  considers  Mr.  Hoicate 
the  manipulation  of  the  rail  to  be  more  important  than  the  con- 
stituents. This  seems  probable,  for,  although  the  British  Committee 
on  Standards  has  adopted  a  rail  specification  in  which  the  carbon 
is  30%  less  than  in  our  specifications,  they  are  not  free  from  broken 
rails. 

The  carbon  content  is  .35%  to  .50%.  According  to  recent  figures 
English  railways  have  had  a  lot  of  trouble  with  rail  breakages, 
and  all  could  not  be  attributed  to  the  chemical  constituents  of 
the  rail. 

That  would  be  a  specification  for  a  lighter  grade  of  rolling  stock.  Mr.  Kerrj 

There  are  very  heavy  loads  on  some  of  the  railways,  iitolling  Mr.  Hoigate 
stock  conditions  are,  of  course,  different  from  those  in  America, 
but  the  condition  of  rails  breaking  generally  has  been  a  serious 
one  In  the  last  year  or  two,  according  to  the  American  engineers. 
The  reports  of  the  Maintenance  of  Way  Association  show  that 
a  large  number  of  breakages  occurred. 

There  has  been  a  great  deal  of  attention  given  to  the  rail  Mr.  Kerrj 
breakages  by  the  various  technical  societies  in  the  last  year  or  two. 
Tet  it  is  questionable  whether  the  whole  number  of  breakages 
is  greater  than  it  has  been  for  some  years  past.  However,  no 
figures  seem  to  have  been  published  that  would  either  prove  or 
disprove  this  statement. 

The  speaker  does  not  know  whether  the  figures  published  by  the  Mr.  Hoigate 
Maintenance  of  Way  Association  show  that  or  not. 

The  breaks  have  been  serious,  and  the  general  conclusion 
reached  was  that  it  is  a  mechanical  defect  in  the  rail  and  not  a 
chemical  one  that  is  responsible  for  most  of  the  trouble.  At  the 
last  meeting  held  on  this  subject  by  the  Canadian  Society  of  Civil 
Engineers,  some  one  remarked  about  the  heavy  demand  made  on 
the  rolling  mills  lately,  but  those  in  direct  touch  with  railway 
matters  would  have  figures  to  compare  year  by  year  the  increase 
in  consumption  of  rails  during  the  last  few  years. 

Although  such  figures  are  usually  confidential,  it  would  not  do 
any  harm  to  get  figures  on  the  question.  Whether  the  Maintenance 
of  Way  Association  made  any  effort  to  get  comparative  time 
breakages  or  not,  whether  they  went  into  the  question  of  date  or 
time  at  all,  has  escaped  the  speaker's  memory.  There  Is  a  memo- 
randum in  the  last  report  which  gives  the  number  of  rail  breakages 
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Mr.Hoigat©  on  three  railways,  but  the  names  of  the  railways  are  not  given, 
one  year  537  rails  brokie;  out  of  these  rails  one  was  in  service  f 
17  years,  four  for  xAne  years,  43  for  eight  years,  22  for  seven  yea 
three  for  three  years,  22  for  two  years,  and  439  for  one  yiear,  sho 
ing  that  weak  spots  were  found  in  the  first  year  of  servii 
However,  that  would  not  necessarily  apply  to  every  batch  of  rai 
Only  one  of  these  rails  was  rolled  in  1888,  one  in  '95,  31  in  'S 
17  in  '97,  24  in  '98,  four  in  '02,  21  in  '03,  and  438  in  '04.  Of  the 
224  had  flaws.  They  were  85,  80,  and  76  lb.  rails.  There  were  3 
flaws  in  537  rails. 

Mr.  GuteiiuB  How  many  Qiiles  of  track  does  that  represent? 

Mr.Hoigate  That  is  uot  giveu. 

Mr.  GttteiiuB  It  might  hstve  been  miles  of  rail. 

Mr.  Hoigftte.  It  does  not  mention  the  mileage. 

Mr.Guteiiiis  There  is  just  one  point  in  connection  with  the  size  of  rails  ai 

their  liability  to  break  under  a  given  traffic.  The  additional  stl 
ness  in  heavy  rails  is  liable  to  be  so  great  that  they  will  br« 
rather  than  conform  to  the  irregular  surface  caused  by  the  heavii 
of  the  frost,  whereas  rails  of  lighter  section  will  bend  to  suit  it 
uneven  surface.  It  is  probable  that  for  Canadian  gravel  balls 
track  rails  of  80  or  85  lbs.  per  yard  are  less  liable  to  brei 
than  rails  of  heavier  section. 

In  your  experience  does  the  100  lb.  rail  show  any  mark< 
superiority  in  the  matter  of  breakages  over  other  lighter  rai 
similar  in  quality? 

The  C.  P.  R.  has  about  50  miles  of  100  lb.  rails.  In  the  sai 
month  of  the  same  year  there  were  as  many  broken  100  lb.  raJ 
as  of  the  80  lb.  ones. 

The  100  lb.  rails  are  probably  better  taken  care  of  since  th( 
lie  in  a  district  where  there  is  better  surface  than  In  that  where  tJ 
80  lb.  rails  are  laid.  '  In  some  portion  of  the  line,  from,  e.g..  Moo 
real  Junction  to  Windsor  Street  Station,  only  passenger  traffic 
handled.  There  are  100  lb.  rails  on  both  tracks,  and  the  proportii 
of  failures  does  not  vary  in  proportion  to  the  traffic  on  this  li: 
as  compared  with  the  line  between  Vaudreuil  and  Weate 
Junction,  over  which  there  is  a  heavy  freight  traffic. 

There  are  more  square  breaks  in  apparently  solid  steel  in  tl 
100  lb.  rails  than  in  any  of  the  lighter  rails,  taking  the  averaj 
per  year,  per  mile. 

Mr.  Kerry  It  would  Seem  to  be  a  fair -conclusion  to  this  section  of  tl 

discussion  to  say  that  the  majority  of  rail  failures  are  caused  1 
mechanical  defects,  such  as  folds  or  pipes;  and  that  they  cannot 
said  to  be  due  to  the  fact  that  the  rails  used  are  too  light  for  tl 
traffic  put  upon  them. 
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In  connection  with  the  low  carbon  rails  spoken  of  by  Mr.  Mr.  Gut«iius 
Holgate,  the  probability  is  that  the  carbon  was  compensated  for 
by  a  greater  amount  of  silicon.  In  the  Sandberg  specification, 
referred  to  by  Mr.  Burpee,  the  carbon  is  kept  lower  and  the  silicon 
Is  introduced  to  secure  hardness  and  toughness.  The  Claim  is  that 
a  better  rail  is  secured  on  that  account.  Sandberg  Introduces  not 
less  than  2%  of  silicon.  In  rails  rolled  for  the  C.  P.  R.,  under  his 
specification,  the  silicon  did  not  exceed  2%,  and  the  carbon  was 
kept  fairly  high. 

Information  is  necessary,  it  would  seem,  first  of  all  on  the  actual  .Mr.  Kerry 
effect  of  temperature  on  the  characteristics  of  steel;   secondly,  on 
the  question  of  improving  the  treatment  of  the  steel  in  the  mills 
so  as  not  to  develop  flaws,  and  thirdly,  on  the  use  of  better  ballast 
to  prevent  the  freezing  in  the  rail  and  the  subsequent  breakages. 

The  punishment  that  a  rail  receives  in  the  track  as  compared  ur.  Cuteiina 
with  the  drop  test  of  2,000  lbs.,  tup  fall  20  feet,  is  a  mere  bagatelle. 
That  drop  test  bends  a  5  to  8  ft.  rail  so  that  its  middle  ordinate 
for  4  ft.  is  from  2  to  3i".    If  all  the  rails  were  equal  to  stand  that 
test  there  is  no  traffic  or  track  condition  that  would  compare  with  it. 

Dr.  a.  Stansfield  (A.  Can.  Soc.  C.  B.)— There  are  some  points  to  d^.  sumfleid 
be  mentioned  in  regard  to  the  chemical  composition  of  rails. 
During  recent  years  the  efTect  of  the  increase  in  weight  of  rolling 
stock  has  been  to  oblige  the  steel  makers  to  increase  the  carbon  in 
the  steel  in  order  to  obtain  a  harder  and  stiffer  rail,  and  the  result 
of  this  increase  in  carbon  has  been  to  make  it  more  difficult  to  get 
a  rail  which  shall  not  be  brittle.  Admitting  that  the  specifications 
as  generally  put  forward  are  approximately  correct,  in  some  cases 
rails  are  not  absolutely  rejected  even  when  they  have  more  than 
the  ordinary  maximum  limit  for  carbon  and  for  phosphorus,  and 
in  this  connection  it  should  be  recognized  that  the  combined  eftect 
of  somewhat  large  quantities  of  both  of  these  constituents  is  likely 
to  be  more  dangerous  than  a  somewhat  high  percentage  of  one 
alone.  For  instance,  if  the  maximum  carbon  allowed  is  .65%  and 
the  limit  of  the  phosphorus  is  .07%,  then,  if  the  carbon  and 
phosphorus  are  both  high,  there  will  be  more  danger  of  brittleness 
than  if  one  of  these  elements  were  high  and  the  other  low.  The 
effect  of  phosphorus  on  steel  is  a  very  difficult  one  to  determine, 
and  very  conflicting  results  have  been  obtained.  Phosphorus  is 
found  to  be  more  objectionable  In  high  carbon  steel  than  in  low 
carbon  steel,  and  in  the  steel  used  in  modern  rails  phosphorus  Is 
a  very  dangerous  constituent.  Another  reason  why  the  effect  of 
phosphorus  on  the  rail  is  uncertain,  is  that  phosphorus  not  only 
has  a  direct  effect  in  causing  brittleness,  but  it  appears  to  render 
the  rails  more  easily  spoilt  by  overheating  or  other  unsuitable 
heat  treatment  in  the  operation  of  rolling. 
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Baron  CjUstave  de  Coriolis  (A.  M.  Can.  Soc.  C.  E.) — With  reg 
to  the  percentage  of  carbon  and  phosphorus  given  by  Dr.  Stansfl 
the  phosphorus  can  be  brought  down  to  .04%  and  the  carbon 
then  safely  be  raised  to   .75%.    That  is  the  composition  of 
cheapest  rail  that  can  nowadays  be  made  in  England. 

The  carbon  can,  of  course,  be  brought  as  low  as  .04%,  an< 
can  be  kept  without  difficulty  as  low  as  .07.%»  in  the  basic  o 
hearth  furnace.  Another  point  in  connection  with  the  percent 
of  carbon  and  phosphorus  is  that  on  account  of  segregation 
analysis  does  not  always .  show  the  maximum  amount  of  tt 
elements  in  the  rail.  It  is  well  known  that  when  the  steel  is  be 
poured  into  the  moulds,  it  begins  to  solidify  from  the  bottom  \ 
the  sides  of  the  ingot,  and  the  last  fluid  portion  of  the  steel,  wl 
is  near  the  top  of  the  ingot  and  in  the  middle  of  its  cross  sect 
will  contain  a  somewhat  larger  amount  of  carbon  and  phospho 
than  the  ingot  as  a  whole.  Messrs.  A.  A.  Stevenson  and  R.  K 
(Trans.  Am.  Inst,  of  Mining  Engrs.  Vol.  23,  pp.  637,  1894)  h 
investigated  the  distribution  of  carbon  in  the  steel  ingot  and  fo 
it  to  vary  in  one  case  from  .53%i  to  .70%.  This  possible  varial 
should  not  be  forgotten,  and  it  should  be  the  object  of  the  sp 
flcations  and  methods  of  inspection  of  the  rails  to  prevent  > 
considerable  part  of  any  rail  containing  larger  proportions 
carbon,  phosphorus,  and  manganese  than  has  been  found  to 
perfectly  safe,  having  regard  to  the  usual  method  of  manufact 

Does  the  segregation  all  lie  in  one  rail? 

The  most  impure  portion  of  the  ingot  would  probably  all 
into  one  rail,  the  rail  from  the  top  portion  of  the  ingot.  Tl 
might  also  be  considerable  variation  in  parts  of  the  same  i 
The  middle  of  the  rail,  or  that  part  of  the  rail  which  comes  fi 
the  middle  of  the  cross  section  of  the  original  ingot,  wc 
probably  be  more  impure  than  the  outer  portions  of  the  rail. 

Would  not  the  part  last  to  solidify  be  a  comparatively  •  large  ] 
of  the  ingot,  something  like  25%,  and  sufficient  in  itself  to  m 
several  rails? 

The  part  which  contains  the  largest  amount  of  impurities 
somewhat  irregularly  disposed  in  the  ingot,  and  it  would  be  diffi 
to  give  any  reliable  figures  with  regard  to  its  amount.  With  rei 
to  the  matter  of  piping  in  Ingots,  the  members  may  have  rea 
recent  and  very  instructive  paper  by  Professor  Howe,  of  New  Y 
(Trans.  Am.  Inst.  Mining  Engrs.,  Mar.,  1907),  in  which  he  d 
very  generally  with  the  piping  of  ingots.  He  shows  what  hapi 
in  casting  ingots,  and  gives  an  enormous  amount  of  informa 
showing  why  pipes  are  actually  formed.  He  suggests  cer 
methods  for  reducing  the  amount  of  piping  in  ingots.    One  of 
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suggestions  is  that  the  Ingots  should  be  poured  in  moulds  of  which  Dr.  stansfleid 
the  top  is  larger  than  the  bottom,  instead  of  the  reverse,  as  is 
generally  the  case.  The  effect  of  casting  in  moulds  that  are  larger 
above  than  below,  would  be  to  cause  the  bottom  of  the  ingot  to 
solidify  more  rapidly,  while  the  top  would  remain  molten  longer 
than  usual,  and  in  this  way  the  formation  of  a  pipe  in  the  ingot 
would  be  very  largely  prevented.  Professor  Howe  suggests  methods 
of  stripping  ingots  of  this  type. 

One  other  point  in  connection  with  the  chemical  composition 
is  to  be  noted.  It  has  recently  been  found  that  nitrogen  is  an 
important  constituent  of  steel.  This  fact  was  discovered  some 
years  ago  in  connection  with  some  pig  iron  produced  in  Sweden. 
It  was  found  that  the  wrought  iron  produced  from  it  was  brittle 
at  an  orange  heat.  A  Swedish  chemist,  Hjalmar  Braune,  investi- 
gated this  case  very  thoroughly,  and  found  that  the  unsatisfactory 
pig  iron  was  made  in  the  blast  furnace  when  the  slag  was  basic 
and  the  temperature  unusually  high.  Under  these  conditions  he 
was  led  to  believe  that  nitrogen  probably  entered  into  the  pig  iron 
being  derived  from  the  cyanides  present  in  the  furnace.  Nitrogen 
is  of  the  same  chemical  group  as  phosphorus,  and  it  might  therefore 
be  expected  to  have  a  similar  bad  effect  on  steel. 

In  1903,  Braune  began  to  investigate  the  matter  experimentally, 
and  found  that  iron  absorbs  nitrogen  not  only  in  the  blast  furnace, 
but  in  other  processes  in  which  the  metal  is  exposed  to  nitrogen 
and  carbon  at  a  high  temperature,  and  in  the  presence  of  basic 
slags,  and  that  the  nitrogen  had  a  profound  effect  on  the  mechanical 
properties  of  the  iron.  These  researches  were  carried  out  in  the 
University  Laboratory  at  Basel,  in  the  Testing  Bureau  at  Zurich, 
and  at  the  College  Des  Mines  in  Paris.  Like  phosphorus,  nitrogen 
makes  iron  and  steel  brittle,  and  this  effect  is  more  pronounced 
in  high  carbon  steel  than  in  wrought  iron  or  low  carbon  steel. 
Braune  examined  commercial  iron  and  steel  from  all  over  the 
world,  and  found  that  It  contained  from  .002%  to  .062%  of  nitrogen, 
and  he  specifies  the  following  as  the  maximum  allowable  percentage 
of  nitrogen: 

For  beams  and  ship  plates  of  wrought  iron  or  soft  steel 030% 

For  rails  of  medium  hard  steel 025% 

For  railway  springs  and  hard  steel  tools 012% 

For  cannon  and  parts  of  rifles 008% 

Braune  says  that  the  nitrogen  in  steel  can,  with  care,  be  kept 
down  to  these  figures  by  the  present  methods  of  manufacture. 

According  to  this,  nitrogen  is  an  important  factor  in  the  steel, 
and  it  may  be  that  when  this  is  looked  into  we  shall  find  some 
of  the  breakages  and  the  brlttleness  which  previously  puzzled 
chemists  to  be  due  to  nitrogen. 
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Mr.  Kerry  What  Is  the  date  of  that  specification? 

Dr.  stousfleid  It  Is  Very  recent.    It  was  published  in  "Stahl  und  Eisen" 

in  1906.  The  investigation  began  in  1900  or  1901,  and  most  of 
work  has  been  done  since  1903.  It  was  found  that  after  the  n: 
gen  had  reached  .04.%,  brittleness  was  produced,  and  that 
nitrogen  could  then  be  detected  microscopically,  producing  a  i 
like  structure  in  the  steel.  With  regard  to  heat  treatment 
rolling,  one  special  point  has  been  referred  to,  that  of  the  spra; 
of  steel  rails  during  rolling.  This  was  worked  out  about  t 
years  ago  by  Mr.  J.  B.  Stead,  of  Middlesborough,  who  found  Uu 
a  piece  of  steel  rail  were  quenched  from  a  red  heat,  and  then  1 
pered  by  heating  to  400°  C.  or  500*  C,  it  became  very  much  ha 
without  any  accompanying  brittleness,  and  when  tested  on  a  gr 
stone  the  hardened  rail  lost  less  than  one-third  as  much  stee: 
rubbing  for  a  given  time  as  a  similar  rail  which  had  not  1 
treated  in  this  way.  Microscopically  examined,  the  hardened  i 
is  said  to  be  "sorbitic"  in  structure,  while  the  slowly  cooled 
consists  largely  of  "pearlite."  This  means  that  the  carbon  in 
slowly-cooled  rail  has  had  time  to  separate  out  in  minute  bf 
of  carbide  of  iron,  while  in  the  quickly  cooled  rail,  this  separa 
has  not  taken  place,  the  constituents  of  the  steel  are  i 
intimately  mixed,  and  the  rail  is  consequently  harder.  Quencl 
a  rail,  unless  this  were  followed  by  suitable  reheating,  would 
course,  produce  brittleness.  In  practice,  the  sorbitic  structur 
produced  in  rails  by  spraying  the  head  of  the  rail  during 
process  of  rolling,  and  while  this  treatment  undoubtedly  imprc 
the  low  carbon  steels  (.29%i  to  .48%)  on  which  Mr.  Stead  wor 
it  may  not  always  be  so  desirable  in  the  case  of  the  modem  1 
carbon  rails  with  their  greater  tendency  to  brittleness.  Mo< 
steel  rails  contain  about  .60%  of  carbon,  which  is  a  higher 
centage  than  was  contained  in  those  on  which  Mr.  Stead 
working.  Another  point  is  that  the  spraying  of  the  head  shoul< 
done  carefully  to  avoid  undue  cooling  of  the  thinner  portions  of 
rail.  If  the  web  or  the  flange  of  the  rail  were  cooled  too  quii 
by  water  getting  on  them,  there  would  be  danger  that  they  m 
be  made  brittle. 

With  regard  to  the  effect  of  low  temperatures  on  the  brittle^ 
of  steel  rails,  the  only  information  I  have  been  able  to  obtain 
reference  not  to  the  direct  effect  of  low  temperatures  on  the  bril 
ness  of  steel,  but  to  the  effect  of  low  temperatures  in  preventing 
recovery  of  steel  from  overstrain.  Dr.  B.  G.  Coker  worked 
this  at  McGill  about  the  year  1900-1901  (Trans.  C3an.  Soc.  C.  E., 
15,  1901),  and  Mr.  E.  J.  McCaustland,  of  Ithaca,  N.Y.,  publish^ 
paper  last  year  in  the  Transactions  of  the  American  Instituti 
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Mining  Engineers.  It  was  found  that  steel,  which  had  been  sub- Dr.  suntficid 
jected  to  tensile  or  other  stresses  until  the  elastic  limit  had  been 
passed,  recovered  from  the  overstrain  after  an  interval  of  rest, 
and  that  the  recovery  is  far  more  rapid  at  high  than  at  low  tem- 
peratures. Mild  steel  was  found  to  recover  perfectly  in  about  a 
fortnight  at  the  ordinary  temperature,  while  there  was  practically 
no  recovery  in  three  months  at  the  freezing  temperature.  This 
appears  to  be  one  way  in  which  the  winter  conditions  in  Canada 
may  have  a  bad  effect  upon  rails.  It  may  be,  for  instance,  that  at 
ordinary  temperatures,  if  the  rail  is  overstrained  by  the  passage 
of  the  train,  it  will  have  had  time  to  recover  itself,  in  part  at  least, 
and  have  become  elastic  again  before  the  passage  of  the  next 
train,  but  in  winter  this  recovery  scarcely  takes  place  at  all,  and 
therefore  the  repeated  passage  of  the  train  may  have  a  worse 
effect  than  it  would  in  the  summer. 

With  regard  to  the  use  of  the  microscope  in  testing  steel  rails, 
while  the  chemical  analysis  is  most  important  for  determining  the 
composition  of  the  rails,  and  the  mechanical  tests  show  whether 
the  rail  is  good  or  bad,  the  microscope  will  give  evidence  as  to 
the  heat  treatment  to  which  the  rail  has  been  subjected,  and  in 
the  case  of  a  bad  rail  which  has  a  good  chemical  composition,  the 
microscope  may  be  able  to  throw  light  upon  the  cause  of  the  bad 
character  of  the  rail.  The  indications  of  the  miscroscope,  however, 
require  considerable  experience  and  skill  before  they  can  be 
reliably  interpreted.  Two  specific  points  in  the  history  of  a  rail 
which  can  be  made  out  by  the  aid  of  a  microscope  are  these: 
Whether  the  rail  has  been  cooled  quickly  or  slowly,  and  whether 
the  rolling  has  been  finished  at  a  high  or  a  low  temperature. 

There  is  one  point  on  which  Dr.  Stansfleld  may  be  able  to  giveMr.  kotj 
some  information,  and  that  is  in  regard  to  the  skinning  on  the  rail 
during  its  early  passage  through  the  rolls  which  folds  over  and 
makes  a  flaw  in  the  rail  during  the  final  passage.     Is  there  any 
treatment  to  meet  this  dlflaculty? 

That  is  a  matter  for  the  engineer  who  designs  the  rolls.    The  Dr.  sumfleid 
difficulty  could  probably  be  met  by  a  proper  adjustment  of  the  rolls. 

Dr.  Stansfield's  remarks  suggest  one  or  two  comments  In  regard  Mr.  outeiiui 
to  micro-photographs  and  the  spraying  of  rails.  The  fact  is  that 
to  get  the  rails  cool  In  the  ordinary  modem  mill  they  do  spray  the 
rolls  with  water  more  than  would  be  used  with  the  Sandberg  process 
on  the  head  of  the  rail.  If  the  Sandberg  process  does  any  good,  it  is 
simply  to  Increase  the  quantity  of  water  that  is  carried  on  the  web 
of  the  rail,  and  the  probability  is  that  the  quantity  of  water  that 
gets  on  the  head,  added  to  the  quantity  of  water  naturally  put  on 
the  rail   while  it  is  rolling,  gives  a  double  dose  to  the  thinner 
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Mr.auteiius  portions  of  the  rail,  and  possibly  introduces  an  element  of  hai 
or  brittleness  in  thinner  portions  of  the  rail  that  is  inju 
The  C.P.R.  had  5,000  tons  of  Sandberg  rails  rolled,  and  have  t 
them  in  the  track.    The  C.P.R.  are  not  spraying  any  more. 

In  the  matter  of  micro-photographs,  some  years  ago  the  C. 
were  of  the  opinion  that  by  adding  the  micro-photograph  to 
specifications  they  would  get  more  homogeneous  rails.  Thi 
done,  and  although  the  rail  obtained  was  fairly  good,  the  var 
in  the  granular  structure  was  so  great  in  the  same  rail  tlu 
confidence  placed  in  the  micro-photograph,  as  a  source  of  va 
information,  was  lessened,  and  it  is  no  longer  one  o 
requirements  of  the  specification. 

Mr.  Burpee  In  Justice  to  Mr.  Sandberg,  it  is  only  right  to  say  that  < 

the  process  of  rolling  the  water  jet  was  not  played  on  the  tl 
portion  of  the  rail  but  on  its  head.    The  jet  was  turned  on  th( 
of  the  rail  only,  and  the  water  did  not  drop  upon  the  web. 
experience  on  the  I.  C.  R.  is  that  the  rails  made  according 
specification  are  doing  as  well  as  any  in  the  track. 

Engineers  here  have  the  choice  between  acid  Bessemer 
made  at  the  Soo,  and  Bessemer  open  hearth  rails,  made  at  S; 

M.deCorioiis  Mr.  GutcUus,  of  the  C.  P.  R.,  has  pointed  out  that  rail  U 

are  chiefly  due  to  mechanical  defects  in  the  rails,  which  n 
due    to    the    defective    chemical    composition.    He    has    no 
given  the  real  cause.    Canadian  manufacturers  are  laboring 
great  difficulties.     It    is    a    well  known  fact  that  both  in 
Britain   and  in   the  United   States   the  manufacture  of  Bes 
steel  is  giving  way  before  the  open  hearth  process.    The   1 
States  Steel  Corporations  are  now  building  extensive  steel  fa< 
for  the  open  hearth  process  and  are  not  making  extensions  f 
Bessemer   process.     This    is    because  the  ores  for   the   Bes 
process  are  becoming  scarcer  every  year  and,  consequently, 
the  cost  of  production  of  that  steel  much  higher.    Now  the 
facturer  is  limited  by  the  price  he  gets  from  the  railway  com 
for  his  rails.    Since  it  now  costs  more  than  it  formerly  did  to 
facture  the  steel  in  a  Bessemer  plant,  it  follows  that  to  n 
profit  out  of  the  bargain  he  has  struck,  he  cannot  be  expec 
make  rails  without  defects.    There  is  no  doubt  about  this, 
has  been  pointed  out  by  the  best  steel  makers  in  England 
manufacturer  who   is   making  open   hearth   steel   in   Canad; 
labors   under   difficulties.     He   has   to   deal   with   highly    si 
ores.    It  is  a  well  known  fact  that  the  more  silicon  there 
eliminate,  the  slower,  and  consequently  the  more  expensive, 
making  of  steel  In  the  open  hearth  furnace. 


Discussion  an  Steel  Rail  Failures  117 

The  main  reason  of  rail  failures  must  therefore  be  ascribed  m.  de  corious 
to  the  difficulties  Canadian  manufacturers  experience  in  making 
rails  out  of  poor  ores  with  their  process  of  manufacture.  If  in 
Canada  the  system  existed  which  is  being  introduced  in  some  parts 
of  Great  Britain,  and  even  in  the  United  States — if  Canadian  manu- 
facturers were  adopting  the  improved  method  of  the  open  hearth 
process,  then  one  would  find  that  all  difficulties  would  disappear. 
Manufacturers  would  then  be  able  to  turn  out  here  steel  rails  at  a 
much  cheaper  price  than  they  can  do  now.  For  instance,  it  is 
possible  to  install  in  Montreal  a  mill  that  would  turn  out  a  first- 
class  rail  with  carbon  .75%  and  phosphorus  so  low  as  .04%  for  $26.00 

per  short  ton,  the  flange  rail  according  to  the  specifications  which  <, 

are  adopted  by  the  railway  companies  here.    This  is  the  result  ; 

of  the  enquiry  made  in  England,  and  that  is  the  figure  arrived  at.  ' 

As  this  meeting  is  composed   of   men   of  vast   experience,  it  would 

be    advisable    for    them    to    enquire    into    the    facts    just    put  i 

forward.  They  will  see  that  the  safety  of  railroad  companies  here 
is  in  the  adoption  of  a  rail  made  after  the  new  process,  with  carbon 
as  high  as  that  mentioned,  and  phosphorus  as  low  as  that  men- 
tioned. When  Canadian  engineers  have  tested  that  rail,  they  will 
come  to  the  conclusion  that  it  is  the  best  that  can  be  adopted  in 

this  country.    The  Canadian  Pacific  Railway  engineer  has  pointed  I" 

out  that  formerly  they  used  the  American  standard  specification, 
which  allows  a  carbon  percentage  of  from  about  .45%  to  .50%,  and  a 

phosphorus  percentage  of  .10%,  and  that  he  has  found  that  in  alter-  ;. 

ing  these  figures  and  in  increasing  the  carbon  from  .53%  to  63%,  and  v 

reducing  the  phosphorus  to  .085%  for  Bessemer  and  0.06%.  for  open  [ 

hearth,  he  has  obtained  better  results.    That  is  conclusive  evidence 

that    the    American    standard    specification    no    longer    serves    the  ' 

purpose,  and  that  the  higher  the  carbon  is  and  the  lower  the 
phosphorus  is,  in  the  open  hearth  process,  the  better  is  the  rail. 

Mr,  J.  A.  Jamiesox  (M.  Can.  Soc.  C.  E.) — One  point  seems  to  have  Mr.  Jamienon 
been  left  out  in  to-night's  discussion,  one  that  is  possibly  of  great 
lm.portance,  namely,  the  question  of  internal  stresses  in  the  rail 
section  due  to  overheating.  A  short  time  ago  a  beam  about  20  feet 
long  and  10  inches  thick  was  dropped  accidentally.  It  split  right 
through  the  centre  of  the  web  for  at  least  75%  of  its  length  and 
opened 'out  at  the  end,  indicating  very  serious  stresses  due  to  uneven 
coolingr  or  some  similar  cause.  There  were  no  flaws  along  the 
line  of  fracture.  It  would  be  interesting  to  know  whether  this  was 
really  due  to  uneven  cooling,  and  such  Information  might  possibly 
lead  to  interesting  results  with  regard  to  steel  rail  failures. 
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j  WRITTEN    DISCUSSION    ON    STEEL    BAIL    FAILURES. 

I  Mr.  shearwood         Mr.   F.   P.   Sheabwood   (M.  Can.  Soc.  C.  E.)— In  the   discui 

and  inyestigatlons  which  are  now  being  made  into  the  re 
which  cause  the  great  number  of  breakages  of  the  heavy  m 
rails,  interest  is  so  engrossed  in  the  composition  and  treat 
of  the  metal  that  other  possible  defects  have  received  comparai 
little  consideration,  and  a  few  criticisms  of  the  shape  o 
heavier  section  of  rails  may  lead  to  useful  investigation. 

In  the  discussions  on  this  subject  it  has  been  often  stated 
the  new  80  lb.  rails  do  not  show  as  long  a  life  or  as  relia 
strength  as  the  rails  rolled  10  to  20  years  ago,  even  in  the 
where  the  two  sections  have  been  subjected  to  the  same  t 
In  view  of  these  statements  it  seems  probable  that  the  increa 
metal  has  not  been  utilized  to  the  best  advantage.  The  mt 
80  or  100  lb.  rail  has  over  twice  the  vertical  section  modulus 
60  lb.  rail,  which  means  that  it  should  be  able  to  span  more 
twice  the  distance  without  injury,  or  that  over  a  similar  spai 
fibre  strains  would  be  less  than  one-half.  This  great  diffe 
m  the  vertical  bending  value  should  more  than  oompensat 
even  great  flaws  or  other  defects  in  the  metal,  and  it  would 
to  point  out  that  the  stresses  from  direct  vertical  bending  d( 
produce  the  most  destructive  strains  which  a  rail  should  be 
to  withstand. 

Rails  which  are  located  on  the  curved  portion  of  the  tracl 
said  to  have  more  breakages  than  those  on  the  tangents, 
indicates  that  horizontal  forces  are  doing  the  injury,  for  the  vei 
loads  are  inappreciably  greater  than  on  the  straight  line, 
winter  and  spring  months  are  said  to  be  the  worst  time  for  br 
rails,  especially  during  frosts  which  have  followed  a  warm  i 
and  when  ice  is  formed  on  the  track.    It  is  probable  that  di 
these  times  a  film  of  ice  is  formed  between  the  rail  and  th< 
thereby  reducing  very  considerably  the  friction  between  them, 
if  at  some  of  the  ties  the  spikes  are  not  fitting  closely  to  the 
the   horizontal   forces   will   produce   increased  horizontal   bei 
and  torsional  strains  (the  latter  due  to  the  fiange  being  so  i 
stiff er  than  the  head  in  a  horizontal  plane). 

The  web  is  the  weak  part  of  a  tee  rail  when  called  upc 
resist  horizontal  loads  which  are  applied  at  the  upper  side  of 
and  supported  at  the  bottom  of  the  flange.    When  compari: 
heavy  modem  section  with  an  old  light  one,  it  is  flrst  seen  tha 
increased  depth  produces  greatly  increased  stresses,  and  then 
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the  thickness  of  webs  has  not  been  increased  to  anything  like  the  ^r.  siMurwood 
extent  that  the  other  dimensions  have,  in  fact  the  heavy  rail  is  a 
weaker  section  to  resist  these  loads  than  the  lighter  ones. 

Another  stress  which  strains  the  web  of  the  rail  is  that  caused 
by  the  eccentric  application  of  the  vertical  load.  Owing  to  the 
bevel  on  the  wheels  of  the  rolling  stock,  or  to  the  rail  becoming 
slightly  canted  through  the  support  of  the  tie  being  defective,  the 
load  will  often  be  applied  on  the  extremie  edge  of  the  head,  thereby 
Introducing  a  bending  moment  with  a  lever  arm  equal  to  one-half 
the  width  of  the  head.  Whereas  the  heavier  sections  of  rails  have 
broader  heads,  wider  flanges,  but  only  slightly  thicker  webs  than 
the  lighter  ones,  it  is  probable  that  the  fibre  strains  are  higher  in 
the  more  recent  sections  than  in  the  older  ones. 

The  drop  test  as  generally  applied  is  a  poor  method  of  detecting 
piping  in  a  rail,  or  of  testing  the  resisting  qualities  of  the  rails 
against  many  of  the  strains  resulting  from  their  legitimate  use. 
A  smaller  weight  or  a  lower  drop  applied  to  the  rail  laid  on  its  side 
would  be  a  more  effective  way  of  detecting  piping,  because  the 
pipes,  owing  to  the  position  of  the  rolls,  must  be  in  a  vertical 
position,  thereby  reducing  the  vertical  strength  by  little  or  noth- 
reducing  the  vertical  strength  by  little  or  nothing,  but  impairing 
the  horizontal  strength  ansrwhere  from  75%  downwards. 

The  Bnglish  bulb  rails,  with  their  thicker  webs,  symmetrical 
section,  and  relatively  smaller  vertical  section  modulus,  seem  in  a 
great  many  ways  a  far  better  design  than  the  deeper  tee  rails. 
The  chair  supports  also  eliminate  to  a  very  great  extent  the 
horizontal  and  torsional  strains  to  which  reference  has  been  made. 

Mr.  W.  H.  Woodcock  (of  Buffalo) — In  the  past  few  months  Mr  woodcock 
there  has  been  a  great  deal  of  discussion  in  the  various  technical 
papers  about  the  manufacture  of  steel  rails,  and  at  the  same 
time  numerous  discussions  by  various  railroad  officials  as  to 
why  steel  rails  wear  out  more  quickly  now  than  they  did 
twenty-five  years  ago.  During  twenty-five  years'  practical  experi- 
ence in  the  manufacture  of  steel  of  all  descriptions,  and  more 
especially  with  that  of  steel  rails,  the  writer  has  had  the  oppor-  \ 
tnnity  of  following  the  same  carefully.  In  this  period  the  greatest 
increase  in  weight  of  rails  has  been  made,  and  also  the  greatest 
increase  in  the  weight  of  railroad  rolling  stock.  It  is  only  a  few 
years  since  the  fifty  pound  rail  was  the  standard  rail  throughout 
the  country,  and  at  the  time  a  five  ton  Bessemer  converter  was 
considered  to  be  the  standard  size  which  could  be  operated  with 
favorable  results.  This  conclusion  was  fairly  demonstrated  by  the 
fact  that  the  rails  were  guaranteed  for  a  period  of  time,  and  their 
wearing  quality  justified  the  guarantee. 
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Mr. Woodcock  It  occurs  to  the  writer  that  in  the  recent  Increase  In  the 

of  rail  two  important  features  have  been  overlooked  by  the  n 
facturers.    Twenty-two  passes  in   the  rolls  were  considered 
cient  to  produce  an  excellent  quality  of  50  lb.  rail,  and  ninete< 
twenty-four  minutes  sufficient  time  to  produce  a  first  quality 
from  which  to  roll  the  same. 

In  progressing  from  the  manufacture  of  a  fifty  pound  rail 
one  hundred  pound  rail,  and  from  the  use  of  a  five  ton  convert 
a  twelve  and  one-half  or  fifteen  ton  converter,  two  error 
suppositions  seem  to  have  been  made  by  the  steel  men  of 
country. 

First,  because  when  the  five  ton  converter  was  in  use,  nine 
to  twenty-four  minutes  were  given  to  the  blowing,  and  good 
was  produced,  that  with  twelve  and  one-half  or  fifteen  ton 
verters  from  nine  to  eleven  minutes  are  sufficient.  This  is  the 
cause  of  bad  results.  It  does  not  follow  that  because  the  blast  ] 
sure  is  increased  and  the  metal  blown  more  quickly  that  the  e 
quality  of  metal  is  secured  as  when  the  five  ton  converter  was  bl 
for  from  nineteen  to  twenty-four  minutes;  on  the  contrary, 
blowing  is  too  rapid  in  the  latter  case  to  properly  purify  the  n 
and,  furthermore,  the  heat  is  so  rapidly  generated,  in  orde: 
produce  large  tonnage  results,  that  it  bums  out  to  a  great  ex 
the  vitality  of  the  metal. 

Secondly,  that  in  rolling  a  one  hundred  pound  rail  it  is  sufflc 
to  give  only  fifteen  passes,  nine  in  the  breaking  down  and  si: 
the  finishing.  This  reduces  the  mechanical  work  and,  consequei 
reduces  the  life  of  the  rail,  for  the  finishing  of  these  rails  with  i 
a  small  amount  of  mechanical  work  only  forms  a  hard  film  over 
surface  of  the  rail  and  leaves  the  remainder  of  the  metal  spo: 
To  produce  the  same  result  that  was  obtained  with  the  fifty  pc 
rail,  the  bloom  for  the  one  hundred  pound  rail  should  be  increj 
in  proportion  to  the  increased  weight  of  the  rail,  and  the  pat 
Instead  of  being  reduced  from  twenty-two  to  fifteen,  should 
increased  from  twenty-two  to  twenty-five.  By  thus  increasing: 
size  of  a  bloom  and  the  number  of  passes,  the  cooling  of  the 
is  made  slower  during  the  period  in  which  the  mechanical  wor 
being  done,  consequently  the  molecular  construction  of  the 
can  adjust  itself  to  practically  the  condition  that  was  obtaine< 
the  fifty  pound  rail  with  the  twenty-two  4)asses.  The  above  st 
ments  have  been  shown  to  be  correct  by  microscopical  observati 
which  the  writer  has  made  on  material  finished  with  varied  amot 
of  mechanical  work.  It  is  a  wrong  impression  that  the  s 
amount  of  mechanical  work  and  results  can  be  secured  froi 
fewer  number  of  passes  that  are  of  a  greater  draught  as 
obtained  with  more  passes  of  smaller  draught;  a  moment's   i 
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sideration  will  show  that  the  cooling  process  cannot  be  the  same  !<'•  ^<xxi<2<x^ 
with  a  large  draught  as  it  is  with  one  half  its  size. 

The  writer  halving  blown  Bessemer  steel  for  some  months,  found 
that  by  blowing  the  metal  slowly  the  air  is  made  to  penetrate 
through  the  mass  of  metal  more  uniformly,  eliminating  the 
impurities,  and  allowing  the  elements  contained  to  atomically 
adjust  themselves  in  a  more  uniform  manner. 

To  produce  the  results  desired  by  the  railroad  companies,  it  is 
absolutely  necessary  that  temperature,  chemistry,  and  mechanical 
work  act  in  harmony  with  each  other  to  produce  a  certain  metal, 
and  if  these  three  factors  are  studied  as  they  should  be,  then  a 
good  wearing  rail  and  a  fine  quality  of  steel  will  be  obtained.  The 
writer  has  heard  it  stated  on  many  occasions  that  the  cause  of 
railB  wearing  out  so  much  more  rapidly  than  they  did  years  ago 
is  the  fact  that  motive  power  and  rolling  stock  are  too  heavy  for 
the  size  of  rail  used  now.  But  has  not  the  weight  of  the  rail 
increased  in  proportion  to  the  Increased  weighty  of  rolling  stock? 
Rails  have  increased  one  hundred  per  cent.,  while  cars  have 
Increased  approximately  fifty,  so  that  the  above  argument  does  not 
stand.  It  is  not  the  fault  of  the  increased  weight  of  the  rolling 
stock,  but  it  is  entirely  the  result  of  the  manufacturers  being 
desirous  of  securing  quantity  at  the  expense  of  quality,  and  in  this 
way  they  have  succeeded  to  a  very  marked  degree. 

A  practical  suggestion  as  regards  the  manufacture  of  rails, 
would  be  to  have  a  series  of  rails  rolled  specifying  that  fifteen, 
twenty,  and  twenty-five  passes  should  be  given  the  same,  and  that 
the  bloom  from  which  they  are  rolled  should  be  increased  in  pro- 
portion to  the  increased  weight  of  the  rail  to  admit  of  these  different 
degrees  of  mechanical  work  being  done.  Then  these  rails  might 
be  placed  on  the  roads  having  the  hardest  travel  and  next  to  those 
which  are  being  manufactured  to-day  in  the  usual  manner.  The 
writer  would  not  hesitate  in  predicting  that  the  conclusion,  after 
this  test  was  properly  made  and  carefully  watched,  would  be  that 
the  railroad  companies  would  say  "more  mechanical  work.  If  you 
please,  and  less  tonnage." 

The  same  argument  applies  to  all  classes  of  steel  manufacture. 
Comparing  steel  castings  of  the  present  day  with  those  which  were 
made  even  ten  years  ago,  the  verdict  certainly  is  in  favor  of  the 
castings  made  a  few  syars  ago.  In  testing  the  physical  quality  of 
castings  the  first  thing  one  remarks  is  that  the  ultimate  strength 
Is  as  good  as  it  was  years  ago,  but  there  are  such  divers  methods 
of  taking  pieces  for  physical  testing  that  practically  any  results 
can  be  obtained  that  are  specified  for.  It  is  not  uncommon  to  go 
into  the  various  testing  rooms  and  to  see  the  machine  operator 
gauge  the  test  piece,  and  so  secure  the  approximate  area  of  the 
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Mr.  Woodcock  same  so  that  he  can  figure  in  his  mind  the  load  that  will  be  nc 
sary  to  produce  the  results  required  by  the  specification.  It  < 
not  materially  matter  whether  the  machine  is  run  at  one  inci 
three  inches  per  minute  after  the  elastic  limit  has  been  reac 
the  results  can  be  radically  interfered  with.  From  a  large  nui 
of  tests  that  the  writer  made  in  looking  into  this  matter,  he 
found  that  between  the  slower  and  higher  speeds  an  increase 
ultimate  strength  of  about  500  lbs.  per  sq..  in.  was  obtained.  ' 
would  mean  that  any  test-piece  within  reasonable  limits  coul( 
made  to  pass  the  specification  tests. 

The  physical  value  of  steel  is  determined  by  two  things, 
proportion  of  carbon  which  it  contains,  and  the  rate  of  coo] 
The  quality  of  steel  depends  upon  three  things,  the  mat< 
selected,  the  nature  of  the  working  to  which  it  is  subjected,  and 
care  taken  by  the  manufacturers^  These  three  things  apply  U 
descriptions  of  steel  having  soft  to  medium  qualities. 

Better  results  would  be  obtained  by  the  use  of  reheated  in( 
instead  of  rolling  direct  from  the  initial  heat.  This  would  admi 
the  proper  amount  of  mechanical  work  being  given  before  the  1 
perature  in  the  rolls  became  too  low.  No  better  rails  wil 
obtained  ;from  open  hearth  steel  than  from  Bessemer,  unless  i 
attention  is  given  to  the  time  required  for  fusing  and  workinj 
the  furnace,  and,  in  fact,  the  results  are  more  likely  to  be  w 
than  better. 
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MECHANICAL   SECTION. 

President— R.  J.  Durley. 
\rice-President— W.  Kennedy,  Jr. 

ELECTRICAL  SECTION. 

President— W.  McLea  Walbank. 
Vice-President— L.  A.  Herdt. 

A  joint  meeting  of  the  Mechanical  and  Electrical  Sections  was 
held  Thursday,  April  25,  Mr.  McLea  Walbank  in  the  chair.  A  paper 
by  Messrs.  Ross  and  Holgate,  '*  The  Huronian  Company's  Power 
Development,"  was  read. 

PAPER  No.  289. 

THE   HURONIAN   COMPANY'S   POWER   DEVELOPMENT. 

By  Robert  A.  Ross  and  Henry  Holgate 
(Members  Can.  Soc.  C.  E.) 

The  Canadian  Copper  Company  operates  numerous  nickel  and 
copper  mines  in  what  is  known  as  the  Sudbury  District,  the  prin- 
cipal mines  being  at  Copper  Cliff,  Creighton,  and  Crean' 
Hill.  The  smelter  at  which  these  ores  are  treated  is  located  at 
Copper  Cliff.  To  develop  and  transmit  power  for  their  require- 
ments and  for  other  purposes  the  Huronian  Company  was 
incorporated. 

The  cost  of  coal  for  operating  the  smelting  plant  and  machinery 
at  the  mines  induced  the  Huronian  Company  to  acquire  the 
property  known  as  High  Falls,  on  the  Spanish  River,  in  the  Town- 
ship of  Hyman,  and  in  the  spring  of  1904  work  was  begun  upon 
the  development  of  tjiis  water  power. 

High  Falls  lies  about  four  miles  north  of  the  "Soo  Branch"^ 
of  the  Canadian  Pacific  Railway,  at  a  point  about  28%  miles  west 
of  Sudbury.  A  line  of  railway  was  built  from  the  C.  P.  R.  to  the 
Bite  of  the  works,  and  all  necessary  buildings  were  erected  for 
housing  the  workmen  and  ^storing  material.  This  preliminary 
work  was  ready  about  September  1st,  when  work  on  the  actual 
development  was  commenced. 
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The  Spanish  River,  when  it  reaches  High  Falls,  drains  an  arc 
of  2,150  square  miles.  The  average  rainfall  in  this  area  is  net  1 
excess  of  30  inches,  and  during  one  season,  when  the  rainfall  dj 
not  exceed  24  inches,  the  minimum  discharge  of  the  river  ws 
1,G00  cubic  feet  per  second.  The  best  description  of  the  characU 
of  this  watershed  is  found  in  Dr.  Robert  Bell's  report  in  tl 
Geological  Survey  of  Canada  for  1888-1890.  It  is  owing  to  tl 
nature  of  the  covering  of  this  watershed  and  to  the  numeroi 
lakes  in  the  upper  reaches  that  the  minimum  flow  is  high,  beii 
.71  cubic  foot  per  second  per  square  mile.  The  minimum  flow 
the  stream  was  reached  In  September,  1904,  and  also  in  Februar 
1905. 

Above  High  Falls,  for  a  distance  of  six  miles,  the  river  is 
succession  of  rapids,  and  it  was  considered  jiecessary  that  the 
should  be  drowned  so  as  to  prevent  the  formation  of  frazil,  ai 
to  form  as  much  of  a  reservoir  as  possible.  For  these  reasons  t 
river  level  above  the  falls  was  raised  18  feet,  drowning  all  troub) 
some  rapids,  providing  a  storage  basin  about  six  miles  long,  a: 
increasing  the  head  from  67  to  85  feet. 

The  river  above  the  falls  flows  between  rocks  and  hll 
Immediately  at  the  head  of  the  falls  are  rocky  islands,  whl 
break  the  stream  into  several  channels,  finally  dividing  the  rii 
into  the  east  and  west  channels,  the  two  branches  uniting  a  8h< 
distance  below  and  thus  forming  High  Falls  Island. 

The  system  of  dams  necessary  to  control  the  Water  was  son 

what  complicated,  and  work  on  concrete  dams  1,  2,  and  4  ¥ 

begun  first  and   carried  on  continuously  to  completion,   notwii 

.standing  the  severe  winter  of  1904-5.    At  the  same  time  the  c< 

Crete  found£itions  of  the  power  house  were  built  to  above  hi 

water  so  as  to  avoid  any  delay  in  the  following  spring.    A 

slide  and  two  temporary  openings  were  left  in  dams  1  and  2 

as  to  pass  water  when  it  became  necessary  to  stop  the  water 

the  east  side  of  the  river.    The  channel  on  the  east  side  was  O 

closed  up  by  a  crib  cofferdam  against  a  head  of  32  feet  of  wa1 

This  cofferdam  was  built  in  the  form  of  the  letter  "V"  in  pi 

each  leg  abutting  on  the  rock  projecting  outwards  and  up  stre 

at  an  angle  and  finished  square,  leaving  a  key  shape  space  betw 

the  two  legs.    Accurate  measurements  were  made  of  this  spj 

and  a  crib  of  these  dimensions  was  built  up  stream  a  short  ( 

tance,   loaded,   and   then   lowered   with   heavy   tackle   to   withii 

short  distance  of  its  proposed  location,  and  was  then  built  up  i 

loaded  until  it  was  within  a  few  Inches  of  the  bottom.    When  I 

was  completed   the   position   of  the  "key  crib   was  adjusted;    t 

Jt  was  lowered  as  far  as  possible  under  control  of  the  ropes. 
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when  the  proper  direction  of  its  course  was  assured,  the  tackle 
was  quickly  slacked  and  the  crib  under  the  action  of  the  current 
went  into  its  position.  The  face  of  the  cofTerdam  was  then  double 
sheeted  and  made  as  tight  as  the  bottom  formation  would  allow, 
so  that  the  water  was  thus  diverted  to  the  openings  in  dams 
1  and  2. 

As  will  be  seen  on  plan  No.  2,  the  water  for  the  power  plant 
was  taken  across  the  Island,  and  to  do  this  it  was  necessary  to 
construct  a  series  of  dams,  5,  6,  and  7,  connecting  with  the  bulk- 
head, and  to  close  the  west  channel  by  dam  3,  after  which  the 
openings  in  dams  1  and  2  were  closed  and  the  forebay  allowed  to 
fill.  All  of  the  structures,  including  the  power  house,  are  built 
on  rock,  and  the  forebay  to  elevation  170  is  cut  through  rock.  In 
dams  No.  3  and  No.  5  are  sluices  at  level  159,  which,  with  the 
aid  of  the  logslide  and  penstock,  allow  (if  ever  it  should  be  neces- 
sary), the  water  to  be  lowered  to  below  170  and  render  the  racks 
and  bulkhead  accessible  for  repairs.  These  sluices  are  also 
intended  to  be  used  to  relieve  the  overflow  at  high  water,  and  are 
accessible  by  bridges  from  the  shore  ends  of  the  dam. 

As  the  river  is  used  for  lumbering  purposes,  and  as  large  num- 
bers of  logs  come  down  every  year,  the  provision  for  their  passage 
was  made  in  No.  2  dam,  a  system  of  booms  being  anchored  above 
to  guide  the  logs  to  the  slide,  which  carries  them  to  the  west 
channel.  In  order  to  ensure  water  in  the  west  channel,  the  crest 
of  dam  No.  3  was  made  18  inches  higher  than  dam  No.  5,  so  that 
a  continual  flow  is  assured  in  the  west  channel  for  logging 
purposes. 

From  the  photographs  and  general  plan  will  be  plainly  seen 
the  whole  scheme  of  dams  and  works,  which  is  of  somewhat 
unusual  design,  but  which  was  considered  the  best  possible 
arrangement  to  secure  the  full  flow  of  the  river,  to  meet  the 
lumbermen's  demand,  and  also  to  make  advantageous  use  of  the 
physical  peculiarities  of  the  site. 

Datns. — All  of  the  dams  are  founded  on  solid  rock,  ample  key 
trenches  being  cut  in  the  rock  for  anchorages,  both  in  the  founda- 
tion and  end  -walls.  The  foundation  rock  was  made  absolutely 
clean,  not  a  particle  of  dust  or  dirt  was  allowed  to  remain,  the 
bottom  was  then  dusted  over  with  neat  cement,  and  over  this  a 
layer  of  mortar  1  to  3  was  laid  to  a  minimum  depth  of  4  inches, 
when  regular  concreting  was  begun.  The  concrete  mixture  was 
all  1  cement,  3  sand,  and  5  of  broken  stone,  well  mixed,  and 
deposited  in  a  very  wet  mixture.  Larger  Atones  were  freely  used. 
some  measuring  over  two  cubic  yards,  none  being  allowed  nearer 
the  face  of  the  work  than  9  inches,  nor  nearer  each  other  than 
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12  inches.  All  were  carefully  washed  and  scrubbed  before  placing,, 
carefully  bedded,  and  so  disponed  as  to  form  as  effective  a  bond 
in  the  work  as  possible,  the  wet  condition  of  the  concrete  mass 
facilitating  this  bedding. 

Though  a  large  part  of  the  concrete  work  in  dams,  and  also  In 
power  house  foundations  was  done  in  winter,  with  the  temperature 
varying  from  a  few  degrees  of  frost  to  15  degrees  below  zero  (and 
on  several  occasions  much  lower),  no  difficulty  was  found  in 
securing  good  concrete  work,  the  only  precautions  taken  being 
to  heat  the  mixing  water  by  turning  a  %"  steam  pipe  into  the 
water  barrel  supplying  the  mixer,  and,  during  the  process  of  mixing. 
to  use  a  Jet  of  live  steam  in  the  mixer,  keeping  the  cylinder  closed 
by  wooden  coverings  during  the  process  of  mixing.  No  attempt 
was  made  to  head  sand  or  stone,  nor  was  such  at  all  necessary. 

In  all  the  winter  work  care  was  taken  to  use  only  cement  which 
would  attain  its  Initial  set  in  not  mor^  than  65  minutes,  and  the 
results  obtained  have  been  absolutely  satisfactory. 

Except  in  very  thin  walls  there  need  be  no  hesitation  in  placing 
concrete  at  low  temperature  if  the  above  precautions  are  taken. 
Even  in  thin  walls  (10  inches  or  over),  it  can  be  safely  done,  a£ 
was  done  in  the  case  of  the  sub-station  and  blowing  engine  house 
constructed  in  connection  with  this  plant  at  Ck)pper  Cliff,  which 
was  built  during  the  winter  of  1905-6,  and  which,  except  foi 
the  additional  cost,  does  not  differ  *from  work  done  above  the 
freezing  point. 

The  sections  of  dams  used  are  shown  on  the  accompanyini 
diagrams,  Plan  No.  5. 

Bulkhead  Wall. — This  was  constructed  generally  in  the  sam< 
manner  as  the  other  dams,  the  steel  structure  for  racks  and  th< 
cones  for  penstocks  being  built  in  the  work,  all  steel  work  bein^ 
carefully  bedded  in  and  covered  with  wet  mortar.  The  genera 
arrangement  of  the  bulkhead  and  penstock  inlets  are  as  showi 
on  the  diagram.  The  gates  are  of  steel  of  split  pattern,  and  an 
operated  by  a  direct  current  motor  driven  from  the  exciters,  oi 
by  hand,  as  required.  The  exciter  inlet  is  separate  from  th< 
power  wheel  inlets,  so  as  to  permit  of  a  smaller  screen  spacing 
being  used  in  the  racks.  This  necessity  at  the  inlet,  and  th< 
advisability  of  having  the  exciters  placed  in  the  middle  of  th( 
power  house  floor,  required  the  bending  of  the  exciter  penstocl 
from  the  end  of  the  bulkhead  wall  to  a  position  in  the  centre  o 
the  power  house  as  the  drawings  indicate.  The  bulkhead  was 
housed,  so  as  to  protect  the  operators  in  severe  winter  weather. 

Penstocks. — The  entrance  cones,  built  in  the  concrete  wall,  an 
10  feet  in  diameter  at  the  upper  end,  and  9  feet  in  diameter  a 
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the  outside  of  the  wall;  the  penstocks  are  9  feet  in  diameter  from' 
this  point  to  the  wheel  cases,  and  are  of  steel  plate,  resting  on 
concrete  saddles,  spaced  at  two  diameters  of  the  penstock  centres. 
The  penstocks  are  four  in  number  and  are  anchored  In  the  centre 
of  their  length,  an  expansion  Joint  being  provided  near  the  bulk- 
head wall,  and  also  one  near  the  power  house  in  each.  To  prevent 
the  formation  of  ice  in  the  penstocks,  they  are  covered  with  a 
wooden  structure,  made  as  nearly  air  tight  as  possible,  and  this 
arrangement  is  quite  effective  and  necessary  in  a  plant  operating 
Id  this  locality,  where  the  temperature  sometimes  reaches  45 
degrees  below  zero.  The  maximum  speed  of  water  in  the  pen- 
stocks is  at  full  overload  7.2  feet  per  second.  Air  pipes  of  ample 
capacity,  protected  from  freezing,  are  provided  at  the  upper  end 
of  the  penstocks. 

Power  House.— The  foundations  of  the  building  are  carried  down 
to  rock,  which  dipped  to  the  north  and  east  at  a  depth  of  about 
30  feet  below  the  floor  level.  The  overlying  material  was  soft 
blue  clay  and  quicksand,  which  gave  a  good  deal  of  trouble  in  j 

excavating,   though   the   low   temperature   at   which   most   of   the  j 

work  was  done  tended  to  facilitate  rather  than  retard  progress,  \ 

SiS  every  opportunity  was  given  the  frost  to  penetrate  the  earth  " 

beyond  the  limits  of  the  excavation,  rendering  the  standing  walls 
secure  and  enabling  the  excavation  to  be  carried  down  on  about 
plumb.  The  sub-floor  work  consisted  of  concrete  walls,  piers, 
and  arches,  as  shown. 

The   floor  arrangement  of   the   power  house  provides   for  two  '' 

exciters  in  the  middle  of  the  room,  each  capable  of  serving  four 
generators,  both  being  furnished  with  water  from  one  penstock, 
and  each  provided  with  an  hydrau Ileal ly  operated  gate  valve.    The  ' 

power  units  are  arranged  with  two  on  each  side  of  the  exciters.  1 

In  the  centre  of  the  building  is  the  switch  tower,  and  on  each  side  . 

of  it  are  the  transformer  compartments  separated  from  the  main  i 

room  by  steel  doors.    A  railway  track  leads  into  the  power  house,  |' 

and  an   overhead  crane  commands  all   the  machinery,  the  trans-  \ 

formers  being  all  mounted  on  trucks,  which  can  be  pushed  forward  | 

so  as  to  bring  them  under  the  crane.  ' 

The  base  of  the  operating  platform  is  faced  with  enamelled 
brick,  the  platform  itself  being  reached  by  a  removable  iron 
stairway  at  each  side. 

The  roof  of  the  transformer  rooms  and  of  the  switch  tower  is 
of  concrete,  and  the  roof  of  the  main  building  is  of  pine,  2"  X  4". 
laid  on  edge  on  steel  trusses,  and  covered  with  26  gauge  galvanized 
iron.  The  building  is  heated  from  a  boiler  placed  in  a  room  on 
the  east  end  of  the  building,  the  Sturtevant  system  of  warm  air 
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being  used.    A  room  is  also  provided  for  stores  and  small  re; 
work,    furnislied    with   a   complete    lavatory.    The    tail    race 
excavated  to  ample  size,  and  some  necessary  retaining  walls 
cribs  were  built  for  its  protection. 

The  walls  of  the  power  house  were  built  of  red  brick,  lai( 
a  mortar  consisting  of  Portland  cement  and  lime;  the  inside  ' 
finished  and  the  walls  painted  for  six  feet  above  the  floor,  w 
the  remainder  of  the  walls  were  tinted  a  buff  color. 

Turbines,  etc. — The  main  turbine  wheels  were  designed  fo 
maximum  of  3,550  H.P.  each.  Each  turbine  operated  a  2,000 
generator,  so  that  the  wheels  have  a  capacity  sufficient  for  ope 
ing  the  generators  at  33%  overload.  The  effective  head  is  85  1 
and  the  speed  is  375  R.P.M.  The  wheels  are  enclosed  in  e 
cases,  with  case  and  head  split  horizontally  so  as  to  give  qi 
access  to  the  moving  parts  in  case  of  repairs  being  necess 
One  pair  of  wheels  is  used  in  each  unit,  the  diameter  being 
inches,  the  runner  being  of  bronze.  The  thrust  bearing  is  of 
marine  type,  located  between  the  wheel  case  and  the  genera 
The  case  head  bearing  is  in  effect  merely  a  stuffing  box  and  re 
takes  no  weight.  The  gates  are  of  bronze  of  wicket  design,  b4 
as  nearly  as  possible  balanced,  and  are  operated  by  a  govemo] 
the  Sturgess  type.  The  exciter  turbines  are  similar  in  design, 
are  also  controlled  by  Sturgess  governors;  all  governors 
electrically  controlled,  being  handled  from  the  controlling  c 
by  the  operator  on  duty,  who  can  start  up  any  or  all  mach 
from  this  point.  The  total  full  load  capacity  of  the  statloi 
8,000  Kw. 

Tachometers  are  attached  to  each  main  unit. 

Generators. — The  electrical  plant  was  designed  for  the  even 
installation  of  four  generators,  two  of  which  are  at  present  ope 
Ing,  and  a  third  has  been  contracted  for.  These  generators 
each  of  2,000  Kw.  capacity  at  80%  power  factor,  3  phase,  25  cy< 
operating  at  2,400  volts.  The  revolving  field  is  mounted  o: 
steel  shaft  with  the  coupling  forged  out  of  the  solid  and  dire 
connected  to  the  water  wheels. 

Exciters. — The  exciters,  two  in  number,  are  of  200  Kw.  capa 
each,  operated  at  550  R.P.M.,  each  being  of  a  capacity  suffle 
to  furnish  excitation  for  the  four  generators.  These  exciters 
also  directly  connected  to  their  own  wheels. 

In   connection   with   the  testing  of  the  generators,   it  may 
interesting  to   note  that   loads  were  obtained  by  connecting 
generator   up   as  a   motor  reversed   in    direction   of   rotation 
operating   it  from    the    other    machine   running  as   a   genera 
Both  machines,  for  the  purpose  of  the  tests,  were  brought  up 
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full  excitation  and  switched  together  before  being  started  up. 
The  gates  on  the  generator  wheel  being  opened  up  gradually,  both 
machines  came  up  to  speed,  the  motor,  of  course,  driving  its  wheel 
in  the  opposite  direction  to  normal  rotation.  When  both  machines 
were  at  speed,  the  gates  on  the  wheel  connected  to  the  motor  were 
gradually  opened,  thus  obtaining  practically  a  water  brake  load. 
It  was  possible  by  this  means  to  get  any  load  required,  and  also 
to  reach  any  power  factor  by  over  or  under  exciting  the 
synchronous  motor,  thus  determining  the  regulation  of  the 
generator  at  any  power  factor.  This  scheme  is  decidedly  superior 
to  a  water  rheostat  load,  which,  in  addition  to  troubles  of  Its  own, 
gives  only  a  fixed  power  factor. 

Stoitchbaard.— The  switching  arrangement  was  laid  out  so  that 
any  generator,  set  of  transformers,  or  line  might  be  operated 
together  or  operated  singly  in  any  combination. 

The  marble  bench  board  from  which  the  operation  of  the 
station  is  controlled  in  every  particular,  including  the  speeding  of 
the  water  wheels,  was  placed  on  a  gallery  to  give  the  operator  a 
clear  view  of  the  power  station  and  the  switching  apparatus  in 
the  tower.  The  switches,  being  distantly  controlled,  are  placed  on 
two  floors  of  the  switching  and  line  tower,  the  35,000  volt  out- 
going line  switches,  together  with  the  lightning  arresters,  being 
placed  at  the  top  of  the  tower,  and  the  2,200  volt  apparatus  in 
the  base,  so  that  on  the  benchboard  the  only  voltages  are  those 
from  the  exciter  and  the  operating  voltages  from  the  switch  con- 
trols. In  other  words,  nothing  higher  than  125  volts  is  admitted 
to  the  main  power  station,  except  within  the  generators  them- 
selves, which  have  no  exposed  parts,  and  the  current  from  which 
is  carried  by  cables  in  ducts  to  the  low  voltage  chamber  in  the 
switch'  tower. 

All  of  the  bus  bars,  switches,  etc.,  in  the  tower,  are  properly 
barriered  by  concrete  slab  construction. 

The  bench  board  is  low,  and  instead  of  using  marble  panels 
for  the  instruments,  which  would  have  obstructed  the  view  of  the 
station,  ornamental  pillars,  carrying  all  Instruments,  were  installed 
along  the  face  of  the  controlling  platform. 

All  switching  and  other  operations  are  governed  by  small 
control  switches,  with  indicating  lamps  on  the  board;  and  on  the 
wall,  opposite  the  bench  board,  is  set  a  large  synchroscope  and 
the  visual  and  bell  signal  system  for  each  power  unit.  A 
synchronizer  is  also  located  on  one  of  the  instrument  pillars. 

In  the  compartment  below  the  bench-board  platform  is  located 
the  motor-driven  air  compressor,  used  to  supply  air  for  cleaning 
purposes.     This   air   is   piped   to   a   number   of   accessible    places 
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tbroughout  the  main   floor,   transformer  rooms,  and  also   to 
tower  for  cleaning  lightning  arresters,  etc. 

The  exciter  and  generator  field  rheostats  are  also  located 
.this  compartment. 

Transformers. — ^Two  groups  of  three  transformers  each  ifi 
installed  with  the  first  equipment,  and  the  third  set  has  t 
contracted  for.  These  are  placed  in  a  transformer  room  eitenc 
along  the  entire  length  of  the  power  house  and  sub-divided  i 
four  compartments,  thus  isolating  each  group  of  three  transfom 
from  the  rest. 

The  specifications  for  these  transformers  required  that  the  a 
were  to  be  constructed  entirely  of  boiler  iron,  designed  to  w 
stand  an  explosive  pressure  of  150  lbs.  per  square  inch,  and 
arranged  as  to  be  full  of  oil  at  all  times,  being  kept  in  this  < 
•dition  by  means  of  a  system  of  piping  extending  to  an  expani 
tank  on  the  wall,  which  was  carefully  covered.  With  the  prei 
tions  taken,  no  space  in  the  cases  is  allowed  for  gas  to  accumu 
and,  therefore,  no  explosions  will  be  possible  under  proper  su; 
'Vision.  If,  however,  through  carelessness,  the  oil  were  to 
allowed  to  sink  below  the  level  of  the  tops  of  the  transfom 
and  an  explosion  should  take  place,  no  harm  would  be  done  < 
side  the  case,  as  the  pressure  generated  by  an  oil  gas  exploj 
Is  never  over  100  pounds  per  square  inch. 

In   case  of   a   short  circuit    in    the   coils,   the   heat   genen 
•expands  the  coil  and  throws  it  into  the  tank,  which  also  prov 
for  the   inevitable   expansion   and   contraction   of   the   oil   in 
transform*er  case  as  the  apparatus  heats  up  or  cools  off. 

This  is  the  first  time  the  engineers  have  used  this  scheme 
their  practice,  and  owing  to  Its  success  in  this  plant  will  conti 
to  use  it  for  all  future  work. 

For  handling  the  oil,  a  piping  system  Is  provided,  with 
underground  tank  at  one  end  of  the  building,  divided  into 
parts;  one  for  spare  clean  oil,  and  the  other  for  dirty  oil, 
latter  running  from  the  transformer  to  the  tank  by  gravity,  w 
the  clean  oil  is  forced  into  the  cases  as  required,  by  comprej 
air,  which  is  obtained  from  the  air  tank  and  compressor  used 
blowing  dust  out  of  the  generators  and  switches. 

Some  strenuous  criticisms  were  offered  to  this  method  by 
transformer  builders,  who  took  the  ground  that  moisture  from 
air,  under  compression,  would  be  sure  to  be  forced  into  the 
thus  rendering  it  unfit  for  use.  To  demonstrate  the  fallacy 
this,  a  quantity  of  oil  was  forced  by  air  backwards  and  forws 
a  number  of  times  into  and  out  of  two  Interconnected  vess 
and  after  this  test  absolutely  no  moisture  could  be  detected. 


/y 


:^ 


-Mrft'-y 


^-^ 


No.  3  Dam  and  Forebay. 


-/■> 


V 


Log  Chute  In  Foreground. 


''.  \ 


The  Huronian  Company* s  Power  Dez*elopnient         131 

may  be  stated,  however,  that  no  air  is  taken  directly  from  the 
air  pump,  but  from  the  air  pump  tank  in  which  all  the  moisture 
dae  to  compression  is  deposited.  As  the  air  compressor  for  blow- 
ing out  purposes  is  essential  in  any  modem  plant,  this  scheme 
aifords  a  means  of  handling  the  oil  safely  and  economically. 

Fire  Protection. — For  fire  protection  of  the  wooden  penstock 
covering,  bulkhead  structure,  and  other  buildings,  a  500  gallon, 
2-8tage  turbine  pump,  directly  connected  to  a  50  H.P.  direct 
current  motor  and  supplied  with  current  from  the  exciter  circuit, 
has  been  located  between  units  Nos.  1  and  2,  with  water  connec- 
tion to  both  penstocks,  so  as  to  ensure  at  all  times  a  supply  of 
water  to  the  pump.    From  the  pump  a  dry  pipe  line  has  been  run 


Fig.  No.  7. 


with  outlets  at  various  points  along  the  penstock,  and  a  line  has 
also  been  carried  over  to  protect  the  houses  of  the  employees. 

Transmission  Line. — The  transmission  line  from  High  Falls  to 
Copper  Cliff,  operating  at  35,000  volts,  is  about  29  miles  long,  and 
runs  for  the  most  part  upon  a  right  of  way  acquired  immediately 
outside  that  of  the  Soo  Branch  of  the  Canadian  Pacific  Railway, 
thus  affording  ready  access  from  the  railway  at  all  points.  The 
line  consists  of  two  3-phase  circuits  of  No.  1  wire,  one  line  being 
transposed  three  times,  and  the  other  running  straight  through. 

The  telephone  line  was  placed  on  the  Canadian  Pacific  Railway 
Company's  telegraph  poles  on  the  opposite  side  of  the  track,  at  a 
distance  of  about  80  feet,  to  avoid   the  possibility  of  induction. 

The  pole  line  construction  is  shown  in  figure  No.  7,  and  it  will 
be   noted   that   specially   designed    malleable   iron    pins   are    used. 
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with  a  double  pole  construction  throughout.  Owing  to  the  wide 
spacing  of  wires,  It  would  be  impossible  to  carry  the  two  circuits 
on  one  pole,  so  that  in  the  interest  of  structural  stability  it  was 
advisable,  Instead  of  installing  a  second  pole  line,  to  combine  the 
two  with  a  common  cross  arm;  these  cross  arms  being  made  ot 
long  leaf  Southern  pine.  This  gives  a  very  solid  structure,  and 
eliminates  a  lot  of  guying  and  strutting,  which  is  always 
objectionable. 

The  insulators  were  tested  at  the  works  of  the  makers  by  a 
representative  of  the  engineers  for  a  period  of  15  minutes  at  a 
voltage  of  70,000,  and  the  result  of  this  very  rigid  test,  especially 
as  regards  time,  was  that  the  lines  were  energized  without  a  single 
breakdown.  Since  that  time  they  have  given  absolutely  no  trouble, 
except  where  insulators  have  been  shattered  by  bullets  or  other 
missiles. 

The  high  tension  exits  of  the  lines  from  the  power  station  and 
entrances  to  the  sub-stations  have  been  made  through  18"  tiles 
with  plate  glass  screens,  and  have  given  no  trouble,  except  at 
the  sub-station  at  Copper  ClifE,  where  sulphur  fumes  and  metallic 
dust  from  the  smelter  have  deposited  from  time  to  time,  forming 
a  scum,  over  which  leakage  has  taken  place.  This  has  been 
remedied. 

Aerial  switches  for  isolating  the  branches  to  Crean  Hill  and 
Creighton  Mines,  as  shown  on  photographs,  have  been  located  at 
Victoria  Mifie  and  the  Quartz  Quarry.  These  switches  were  not 
designed  to  open  the  circuit  with  any  load  on  at  the  sub-stations, 
but  simply  to  open  the  branch  lines  in  case  any  repairs  were 
necessary  while  the  main  line  was  alive.  These  aerial  switches 
are  both  connected  to  the  same  line,  the  other  main  line  running 
straight  through  to  Copper  ClifE  sub-station. 

Suh-Station,  Copper  Clift.— The  main  sub-station  is  at  Copper 
Cliff,  and  contains,  in  addition  to  electrical  apparatus,  some  very 
interesting  machinery  for  the  operation  of  the  smelter,  etc.,  as 
follows: 

Electrical  Equipment. — 

6  667  Kw.  Transformers,  35,000  to  2,400  volts. 

3  175  Kw.  Transformers,  2,400  to  575  volts. 

1  40  Kw.  Motor  Generator  Set,  575  A.C.  to  250  D.C.,  for  operating 
furnace  charging  locomotives. 

1  75  Kw.  Frequency  Changer  Set,  25  to  60  cycles,  for  operating 
the  A.C.  series  arc  circuits  used  for  lighting  the  streets. 
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13  Feeder  and  Control  Panels  for  transformers,  motors,  lighting,  * 

etc.  1 


1  Storage  Battery  for  operating  distant  control  switches. 

75  Light  capacity  In  constant  current  A.C.  arc  regulators. 

3  GOO  H.P.  Induction  Motors,  each  connected  to  a  blowing  engine 
having  a  capacity  of  35,000  cubic  feet  of  air  at  40  oz.  pressure. 
These  blowing  engines  are  driven  by  the  motor  with  18  IW 
Manilla  ropes  on  the  English  system. 

The  motors  are  fitted  with  a  special  speed-changing  controller, 
arranged  for  controlling  speed   by  changing  the  number  of 
poles  in  stator,  with  electric  locking  device  to  prevent  the 
-  operation  of  controller  when  motor  is  in  operation. 

These  motors  are  mounted  on  base  rails,  and  are  fitted  with 
the  regular  starting  compensators  and  circuit  breakers. 

1  300  H.P.  Induction  Motor  directly  connected  to  a  compound 
air  compressor  operating  at  100  lbs.  pressure  and  120  revolu- 
tions per  minute.  The  speed  of  this  motor  Is  constant,  the 
compressor  being  fitted  with  an  unloading  device,  which  is 
automatically  brought  into  use  when  the  pressure  rises  or 
falls  below  100  lbs.  This  motor  Is  fitted  with  starting  com- 
pensator and  circuit  breaker. 

1  500  H.P.  Induction  Motor,  constant  speed,  operating  at  375 
R.P.M.,  connected  to  a  blowing  engine  having  a  capacity  of 
10,400  cubic  feet  of  air  at  12  lbs.  pressure,  and  driven  by 
16  IW  Manilla  ropes  on  the  English  system. 

This  motor  is  mounted  on  sliding  base  rails,  and  is  equipped 
with  the  regular  starting  compensator  and  circuit  breakers. 
Space  is  provided  for  a  second  blowing  engine  of  the  same 
capacity  as  above  engine. 

1  4-8t9ge,  6-lnch  turbine  pump  directly  connected  to  a  225  H.P. 
Induction  Motor;  this  outfit  being  used  for  fire  protection, 
is  connected  to  a  dry  fire  line,  which  Is  piped  around 
yards  and  buildings.  The  supply  of  water  to  this  pump  is 
taken  from  a  16"  water  mhin  under  20  lbs.  pressure,  being 
obtained  from  a  series  of  small  lakes  by  gravity. 

1  2"  Vertical  Pump  and  direct  connected  motor,  with  automatic 
starting  switch,  operated  by  a  float,  is  used  to»pump  the  water 
from  the  sump,  which  is  located  in  the  basement.  The 
transformer  cooling  water  drains  into  this  sump,  as  well  as 
any  seapage. 

2  8-inch,  single-stage  Turbine  Pumps  directly  connected  to  80 
H.P.    Induction    Motors,    housed    in    a   separate    pump   house. 
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which  are  used  to  circulate  the  water  supply  to  the  fumac 
jackets. 

1  5-inch,  2-stage  turbine  pump  directly  connected  to  a  50  H.I 
Induction  Motor  is  located  near  the  smelter  furnace  gallers 
which  pump  is  held  in  reserve  in  case  of  the  molten  mets 
burning  its  way  through  between  the  furnace  jackets.  Thl 
pump  is  used  to  supply  water  to  chill  same  and  stop  th 
flow  of  metal. 

1  10  H.P.  Induction  Motor  belted  to  a  Sturtevant  blower  an 
located  in  sub-station,  is  used  in  connection  with  the  ho 
blast  heating  system  of  the  sub-station. 

It  will  be  noted  that  the  motors  here  installed  are  very  large 
and  being  connected  to  air  compressors  of  great  size,  take  a  ver 
large  amount  of  current  on  starting  up.  Owing  to  these  condl 
tions,  the  lighting  is  by  no  means  as  perfect  as  if  the  motor  unit 
were  smaller,  but  no  serious  trouble  has  been  encountered  froi 
this  cause. 

This  sub-station  is  constructed  entirely  of  concrete,  with  a  stec 
frame  and  book  tile  roof,  and  covers  approximately  one-half  acr 
of  ground. 

The  apparatus  contained  in  this  station,  including  two  lO-toi 
cranes,  together  with  all  the  air  piping  to  the  smelter,  wa 
contracted  for  and  installed  by  the  engineers  of  the  Huronlai 
Company's  plant,  the  whole  forming  a  rather  interesting  applica 
tion  of  electricity  for  mining  and  smelter  purposes. 

Cranes. — In  addition,  two  40-ton  alternating  current  cranes 
with  5  motors  each,  have  been  installed  in  the  smelter  for  th 
handling^  of  ladles  carrying  melted  matte,  and  in  spite  of  predic 
tions  to  the  contrary,  these  handle  perfectly,  pouring  the  meta 
into  the  converters  as  readily  as  by  a  hand  ladle.  These  altemat 
ing  current  motors  operate  under  the  most  adverse  conditions,  ii 
an  atmosphere  of  tremendous  heat  and  covered  with  sulphu 
fumes  and  metallic  dust  from  the  furnaces  and  converters. 

The  converters  also  are  tipped  by  alternating  current  motor 
from  a  controlling  stand  some  distance  away. 

Crean  Hill  Sub-Station.— This  sub-station  is  connected  to  th< 
first  branch  taken  off  one  of  the  two  main  transmission  lines 
which  is  approximately  3%  miles  long  and  of  single  pole  con 
struction,  with  special  aerial  switches  located,  at  point  o 
departure  from  the  main  line. 

The  sub-station  building  is  constructed  of  concrete  and  bricl 
and  provided  with  a  10-ton  hand  power  travelling  crane. 

For  the  housing  of  lightning  arresters,  high  tension  line  switch 
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choke    coils,    disconnecting    switches,    etc.,    a    tower    has    been 
proYided  in  one  corner  of  the  building. 

For  the  reception  of  the  3-176  Kw.  35,000  to  550  volt,  oil-filled, 
water-cooled  transformers,  a  special  fireproof  compartment  has- 
been  provided  with  iron  doors,  so  as  to  completely  isolate  the 
transformers  from  the  main  building,  this  being  practically  the 
same  scheme  as  followed  at  the  main  power  house  at  High  Falls. 

For  the  control  and  distribution  of  power  to  the  various- 
receivers  throughout  the  mines,  the  necessary  totalling  and  feeder 
panels  have  -been  provided,  the  cables  to  and  from  same  being 
run  in  fibre  conduit  and  laid  in  the  concrete  floor. 

Air  Supply. — For  supply  of  air  to  the  mines,  a  compound,  direct- 
driven  air  compressor  has  been  supplied,  operating  at  120  R.P.M. 
and  supplying  1,635  cubic  feet  of  free  air  per  minute,  with  *  an 
intercooler  of  extra  large  capacity.  As  the  speed  is  constant, 
regulation  is  obtained  by  automatic  C3orliss  valve  step  regulation. 

For  driving  the  compressor,  a  2,300-H.P.  3-phase,  550  volt  induc- 
tion motor  has  been  installed,  with  the  motor  mounted  on  the 
main  shaft  of  the  compressor,  operating  at  120  R.P.M.  and 
provided  with  all  the  necessary  starting  conjpensator,  circuit 
breakers,  and  panel. 

Mine  Hoist. — In  connection  with  the  operation  of  the  mine  skips, 
a  special  three-drum  mine  hoist  has  been  Installed,  the  drums- 
of  which  are  arranged  for  the  operation  of  two  drums  in  counter- 
balance, also  Independently,  or  all  three  together  if  necessary. 
The  rope  speed  is  500  feet  per  minute,  and  the  capacity  of  each 
skip  6,000  lbs. 

For  the  operation  of  this  hoist,  a  150  H.P.  3-phase,  variable 
speed  induction  motor  has  been  provided,  complete  with  reversing 
controller,  resistances,  circuit  breaker,  panel,  etc. 

Fire  Protection. — For  the  protection  of  the  buildings  and  plant, 
a  1,000  gallon  6-inch,  four  stage  fire  pump  directly  connected  to  a 
150  H.P.,  3-phase,  550  volt  induction  motor  has  been  Installed; 
also  a  dry  fire  line  has  been  piped  to  various  points  throughout 
the  plant. 

Cooling  Water  for  Compressor  and  Transformers. — The  water  for 
cooling  the  compressor  and  transformers  is  kept  in  circulation 
by  the  aid  of  a  250-gallon,  3-lnch.  single-stage  centrifugal  pump 
directly  connected  to  a  6-H.P.  3-phase,  550  volt  Induction  motor, 
operating  at  1,500  R.P.M. 

Water  Supply.— Tot  storage  of  water  for  the  fire  pump  supply, 
a  steel  tank  holding  60,000  gallons  has  been  erected  close  to  the 
sub-station,  the  water  for  this  tank  being  obtained  from  a  lake- 
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3,000  ft;  away,  at  which  point  a  250-gallon,  4-inch,  two-stage  tur 
bine  pump,  with  a  20-H.P.,  S-phase,  560  volt  Induction  moto 
directly  connected  to  same,  and  operating  at  1,600  R.P.M.,  i 
located.  For  the  reception  of  this  outfit  a  concrete  and  bricl 
building  has  been  erected. 

Rock  House  Equipment.— After  the  skips  have  delivered  thei 
loads,  hoisted  from  .the  mine  to  the  grizzly,  the  ore  falls  b; 
gravity  on  the  spalllng  floor,  and  from  there  is  fed  into  crushen 
which  are  30"  X  18".  After  passing  through  the  crushers,  th* 
crushed  ore  passes  through  special  revolving  screens,  the  per 
forated  plates  of  which  are  constructed  of  manganese  steel.  Afte 
passing  through  the  screens  the  ore  falls  on  the  picking  belts 
each  of  which  is  36"  wide  and  approximately  50  feet  between  pulle: 
cenj^res.  All  necessary  hoppers,  chutes,  troughing  idlers,  etc.,  art 
supplied  for  delivery  of  the  ore  into  the  various  ore  pocket 
provided  for  its  reception.  The  cars  into  which  the  ore  is  final  1: 
loaded  pass  below  these  pockets,  into  which  the  ore  is  fed  b] 
gravity. 

The  power  to  operate  each  crusher,  with  its  complement  o! 
screens  and  picking  belts,  is  obtained  from  a  50-H.P.  3-phase 
550  volt  induction  motor  of  the  wound  rotor  type,  operating  ai 
500  R.P.M.  by  means  of  belting  and  shafting. 

Mine  Pumps. — For  clearing  the  mines  of  water  there  have  beei 
provided  special  single-acting,  vertical,  triplex,  brass-fitted  pumps 
eac^  having  a  capacity  of  100  gallons  per  minute  against  a  heac 
of  260  feet,  each  pump  being  connected  by  gearing  to  a  15-H.P 
3-phase,  550  volt  induction   motor,  operating  at  750  R.P.M. 

Creighton  Mine  Sub-Station, — The  sub-station  at  Creighton  Mln€ 
is  almost  exactly  similar  to  that  at  Crean  Hill,  and  is  connected 
to  the  second  branch  line  from  one  of  the  two  main  transmission 
lines,  this  Isranch  line  being  about  3%  miles  in  length.  It  is  oi 
single  pole  construction,  and  has  special  aerial  switches  located 
at  the  point  of  departure  from  the  main  line. 

The  building  itself,  the  switching  and  lightning  arrester  tower, 
the  transformer  compartment,  and  the  switchboard  arrangements 
are  almost  exactly  like  the  corresponding  items  at  Crean  Hill, 
except  that  the  three  transformers  have  a  capacity  of  275  Kw. 
each,  instead  of  175  Kw. 

The  apparatus  for  supplying  air  to  the  mines  is  the  exact 
counterpart  of  the  Crean  Hill  compressor  outfit.  There  are  two 
mine  hoists  at  Creighton  for  handling  the  ore,  instead  of  one  as 
at  the  former  mine. 

The   devices   for   fire   protection,   transformer,   and   compressor 
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cooling  water,  and  the  tank  and  apparatus  for  water  storage  for 

the  fire  pump    supply    are    also    the    same  as  the  corresponding  t 

apparatus  at  Crean  Hill,  and  the  rock  house  equipment  and  the  | 

mine  pumps  will,  when  completely  installed,  also  carry  out  the 

general  idea  of  duplication. 

No.  2  Mine  Stib-Station.—'No.  2  mine,  situated  in  Copper  Cliff, 
has  its  sub-station  situated  approximately  one  mile  distant  from 
the  main  sub-station.  The  building,  as  in  the  other  cases,  is 
constructed  of  concrete  and  brick,  and  has  a  similar  ten-ton  crane 

to  handle  its  apparatus.    The  supply  of  current  for  all  purposes  ' 

is  obtained  directly  from  the  main  sub-station  at  2,300  volts, 
3-phase  25-cycles.  Part  of  the  machinery  in  this  building  is 
operated  at  the  above  pressure,'  and  part  at  550  volts,  the  couirol 
of  which  is  through  totalling  and  feeder  panels.  Three  125  Kw. 
transformers,  oil-filled,  natural-cooled,  reducing  from  2,300  to  550 
Tolts,  are   located  in  a  special  fireproof  compartment. 

The  air  compressor  apparatus  is  the  same  as  th6se  at  Crean 
Hill  and  Crelghton,  except  that  the  driving  motor  is  wound  for 
2,300  volts. 

There  is  installed  for  operating  the  mine  skips  a  special  double- 
drum  hoist,  arranged  for  the  drums  to  operate  in  counterbalance 
or  independently,  and,  as  in  the  other  cases,  the  rope  speed  is 
500  feet  per  minute,  and  the  capacity  of  each  skip  is  6,000  lbs.,  a 
similar  motor  to  the  other  hoist  motors  being  provided  for  fts 
operation. 

The  fire  protection  apparatus  duplicates  that  installed  at  the 
other  two  mine  sub-stations,  the  supply  of  water  for  the  piunp 
being  obtained  by  tapping  a  16"  main,  which  supplies  water  to  the 
smelter,  while  the  water  for  cooling  the  compressor  is  circulated 
by  a  similar  centrifugal  pump  to  those  at  Crean  Hill  and  Creighton. 
This  applies  also  to  the  mine  pumps. 

For  the  operation  of  the  machinery  in  the  rock  house  building, 
a  50-H.P.  3-phase,  550  volt  induction  motor  of  the  wound  rotor 
type  has  been  installed,  all  connections  to  crusher,  etc.,  being  by 
belting. 

The  Cohalt  Smelter  Sub-Station.— This  sub-station  is  located  in 
Copper  Cliff,  and  is  approximately  2  miles  distant  from  the  main 
sub-station.  The  building  is  constructed  of  concrete  and  brick, 
and  contains  three  75  Kw.  oil-filled,  natural-cooled  transformers, 
receiving  current  at  2,300  volts,  3-pha8e,  25  cycles  direct  from  the 
main  sub-station  and  reduced  to  550  volts  and  distributed  through 
control  and  feeder  panels. 

In  this  building  is  also  located  a  1.000-gallon,  6-lnch,  4-stage 
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turbine  flre  pump  directly  connected  to  a  150-H.P.,  S-phase, 
volt  induction  motor,  with  control  panel,  also  a  dry  flre  line 
been  piped  to  various  points  throughout  the  plant. 

The  supply  of  water  to  this  pump  is  obtained  under  20 
pressure  from  the  domestic  service  pipes  fed  from  the  sto 
reservoir. 

Throughout   the    smelter   the   following   three-phase,    5S0 
induction  motors  are  installed: 

3  50  H.P.  running  at  500  R.P.M. 
1  35  H.P.  running  at  750  R.P.M. 

The  plant  was  put  into  operation  in  February,  1906. 
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DISCUSSION. 

Mr.   Henby  Holgats    (M.  Can.  Soc.  C.  E.)— Mr.   Ross  has  been  Mr.  Hoigftta 
responsible  for  the  whole  installation  subsequent  to  the  generator 
coupling. 

The  installation  has  been  perfectly  satisfactory,  and  illustrates 
the  flexibility  of  electric  power  for  such  purpose  as  this  was  used, 
in  the  scattered  mining  district,  where  there  are  three  large  mines 
in  operation  and  a  smelter  and  a  refining  plant.  At  the  present 
time  in  Canada  it  represents  probably  the  most  complete  installa- 
tion for  mining  and  for  smelting  purposes  that  we  have.  The 
difficulties,  as  far  as  hydraulic  matters  were  concerned,  were  not 
very  great,  the  natural  condition  of  the  ground  was  rather  peculiar, 
but  the  solution  was  comparatively  simple  after  all,  and  there  is 
nothing  of  very  great  moment  or  originality  in  connection  with  the 
design.  The  only  striking  feature  is  that  an  island  was  used  for  our 
forebay  and  we  drew  the  river  across  the  island.  This  was  made 
possible  by  raising  the  level  above  the  falls  18  feet,  and  that  not 
only  enabled  the  forebay  to  be  placed  where  it  was  wanted,  but 
increased  the  head  and  drowned  all  the  rapids  for  six  miles.  This 
formed  a  really  very  valuable  pond,  and  was  to  the  general  advan- 
tage of  the  whole  installation,  which  has  given  no  trouble  since  it 
started  a  little  over  a  year  ago.  The  operation  of  the  whole  of  the 
motors,  and  machinery  dependent  upon  them,  has  been  very  suc- 
cessful, and  it  shows  how  flexible  electric  power  is  for  that  parti- 
cular purpose.  Other  mining  districts  will  eventually  be  equipped 
in  the  same  manner  wherever  cheap  water  power  can  be  obtained. 
The  cost  of  the  development  of  this  water  power  was  not  very 
great  or  serious.  To  the  sub-station  it  cost  about  151.00  in  capital 
per  H.  P.,  and  the  cost  of  operation  is  very  low.  The  transmission 
lines  have  given  no  trouble,  and  the  whole  thing  is  what  may  be 
looked  upon  as  a  permanent  work.  Having  all  the  funds  that  were 
needed,  the  construction  was  made  flrst-class.  The  work  was  done 
by  day  labor,  under  supervision.    There  were  no  contracts  at  all. 

Mr.   W.   McLea   Waxbank    (M.  Can.  Soc.  C.  B.)— Mr.   Ross   has  Mr.  Wait^nk 
explained  the  method  of  testing  the  efficiency  of  the  electric  genera- 
tors, perhaps  you,  Mr.  Holgate,  will  explain  how  the  test  of  the 
water  wheels  was  carried  out? 

The  water  was  measured  by  the  pilot  tube,  and  there  was  also  Mr.  Hoig»ta 
specially   designed   apparatus   for   taking   these   measurements   to 
obtain   the    quantity    of    water    flowing.      Arrangements    for    weir 


140 


Discussion  on  the  Huronian 


Mr.  Hoigate.  measurement  could  not  be  made.  After  these  measurements  wer 
obtained,  it  was  only  necessary  to  calculate  the  power  developer 
by  the  special  instruments  in  use. 

Mr.  waibaok  Does  the  |51.00  per  H.  P.,  capital  cost,  include  the  cost  of  th 

bed  of  the  river  and  the  water  itself,  or  simply  cost  of  construction 

Mr.  Hoigate  That  slmply  was  the  cost  of  construction,  and  the  cost  of  rlgfa 

of  way  for  the  pole  line,  28  miles  long.  A  good  deal  of  that  rigfa 
of  way  was  very  cheap,  in  fact  a  negotiation  with  the  township 
was  successful  in  having  the  poles  placed  on  the  township! 
property  for  some  considerable  part  of  the  distance. 

M.  decorioiis  Baron  De  Coriolis  (A.  M.  Can.  Soc.  C.  E.) — Some  information  i 

connection  with  the  section  of  the  dam,  about  the  weight  in  pound 
of  the  masonry  per  cubic  foot,  if  that  can  be  given,  would  be  c 
interest. 

Mr.  Hoiffate  The  coucrete  was  figured  as  140  lbs.  per  cubic  foot.    This  Is 

little  lower  than  what  it  actually  does  weigh;  it  weighs  abou 
146  lbs. 

M.  de  Coriolis  Why   has   the    section    been    made    so   very   substantial?     M 

experience  in  designing  dams  has  extended  over  25  years  and  ha 
been  varied.  In  Mauritius  the  designing  done  in  the  Public  Work 
Department  was  based  on  the  experience  of  experts,  more  partj 
cularly  on  that  of  the  engineers  who  carried  out  irrigation  works  1 
British  India.  There  they  divide  their  dams  into  two  classes.  Th 
first  class  Is  what  they  call  "low  dams,"  not  higher  than  40  feel 
that  is  40  feet  from  the  level  of  the  ground  up  to  the  level  of  th 
water.  Above  that  are  the  "high  dams."  In  constructing  low  dam 
the  cross  section  is  generally  70%  of  the  height  above  the  groun 
line.  The  top  is  generally  20%  of  the  height.  However,  these  croE 
sections  have  been  made  much  more  substantial  than  that.  Thei 
must  be  some  local  reasons  for  this.  The  more  substantial  yo 
make  the  section  the  higher  the  cost.  As  the  primary  cost  is 
matter  for  serious  consideration  in  developing  water  power,  ca 
you  give  some  information  regarding  the  matter? 

Mr.Hoigaie  We  havc  had  a  great  deal  of  experience  with  ice  in  this  part  c 

the  country^  and  these  dams  are  figured  for  an  overflow  of  6  feet  c 
water.  Last  April  there  was  a  more  sudden  rise  of  the  river  tha 
was  ever  known  before,  and  it  was  fortunate  that  the  dam 
were  designed  for  such  a  high  overflow.  There  is  no  surplus  c 
material  in  the  dams.  As  to  the  base,  the  designer  probably  too! 
the  whole  width  figured  at  the  bottom  of  dam  No.  3,  but  that,  c 
course,  Is  not  all  effective  base. 

M.  decorioiu  Dam  No.  3  has  been  designed  on  a  very  sound  principle.    Toi 

have  carried  its  profile  to  the  level  of  the  foundation;  but  conside 
the  other  dam.  The  height  is  20'  6";  6  feet  is  the  height  of  th 
wall. 
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The  height  is  28'  6".  Mr.  hoIc^u 

But  at  the  level  of  the  water  it  would  be  20'  6",  because  the  m.  de  corioiiB 
top  of  the  wall  is  6  feet. 

That  is  dam  No.  5.  Mr.  Waiunk 

That  Is  not  an  overflow  dam.  Mr.  HoiKAt« 

What  is  the  actual  height  of  the  dam  up  to  the  water  level?  M.deCorioiu 
Six  feet  less  than  the  figures  mentioned.  Mr.  HoigAt« 

The  cross  section  at  the  base  is  18  feet,  or  about  90%  of  the  m.  de  corioiu 
height.  In  India  they  would  make  it  about  14  feet.  Therefore, 
my  desire  is  to  ascertain  whether  there  is  some  special  reason  here 
for  so  constructing  the  dam.  It  is  better,  of  course,  that  it  should 
be  too  substantial  rather  than  weak,  but  what  is  your  special  reason 
for  doiuK  it? 

Mr.  R.  a.  Ross  (M.  Can.  Soc.  C.  E.) — There  'is  another  point.  Mr.  Ross 
Please  notice  where  it  is  placed.  It  is  placed  between  a  rocky  hill, 
and  the  ice  which  forms  in  that  still  water,  between  the  rock  hill 
and  the  dam,  will  exert  a  certain  amount  of  thrust  pressure.  That 
is  one  thing  which  probably  influenced  the  design.  Further, 
when  that  dam  has  6  feet  of  water  flowing  over  the  top,  it  will 
have  the  whole  eftective  area  of  the  dam  under  pressure  up  to  the 
top. 

So  far  as  the  top  is  concerned,  it  is  all  right.    It  is  practically  m.  de  corioUs 
what   they   do   elsewhere.    It   is   about   20%    of   the   height.    The 
width  is  a  percentage  of  the  height  governed  by  the  weight  of  the 
masonry. 

It  is  not  a  percentage  of  the  height  in  designing  the  dam,  it  is  Mr.  Hoigate 
a  question  of  physical  strain  which  comes  on  the  structure  and 
that  creates  the  percentage.  In  this  case  the  strain  in  that  work 
happens  to  bring  out  the  percentage,  but  you  must  consider  the  . 
action  of  the  ice  and  logs  coming  down  in  la^ge  bodies,  of  enormous 
volume,  filling  every  entrance  to  the  forebay,  so  that  a  very  heavy 
boom  has  to  be  put  down  below  to  direct  them  to  dam  No.  3,  over 
which  some  of  them  fall  during  high  water.  The  dams  are  thus  liable 
to  get  all  sorts  of  bumps,  so  that  over  and  above  the  theoretical 
quantity  of  material  that  one  would  have  to  put  in,  there  is  an 
allowance  to  be  made  to  suit  the  particular  locality,  and  that  can 
only  be  arrived  at  by  experience  with  such  conditions. 

Mr.  R.  S.  Kelsch  (M.  Can.  Soc.  C.  E.) — Mr.  Ross  stated  that  the  Mr.  Keisch 
water  wheels  were  tested.    Was  that  test  made  to  show  that  the 
water  wheels  were  safe  in  case  the  load  went  off  the  generator  and 
the  gates  were  open?    Were  the  generators  specified  to  stand  a  y^  \ 

runaway  test  with  the  full  gate  open  and  no  load  on  the  generator?  |.j 

They  were,  and  were  tested,  and  found  to  stand  very  well.  Mr.  Robb 

In  a  recent  purchase  of  5,000  water  wheels,  it  was  decided  to  Mr.  Keisch 
test  them  in  this  manner,  but  the  makers  fought  hard  and  tried  to  \y  \ 
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m*.  lUUeh  prove  that  they  were  not  compelled  to  make  that  test  When  they 
consented  to  make  it,  they  chose  to  do  so  on  a  Saturday  night 
when  all  hands  were  at  home.  The  test  was  run  for  ahout  four 
hours. 

What  was  the. type  of  expansion  joint  used?    Has  the  type 
of  expansion    joint    in    the    penstock    been  subjected  to  extreme 
temperatures? 
Mr,  Hoifate  In  regard  to  the  expansion  joints  of  the  penstock,  the  greatest 

extremes  in  temperature  that  they  are  liable  to  are  during  the 
course  of  construction;  when  the  water  is  once  in  the  penstock 
it  does  not  vary  in  temperature  to  any  great  extent.  The  tem- 
perature of  the  water  remains  fairly  constant.  The  type  of  expan- 
sion joint  was  a  telescopic  joint,  with  a  continuous  strip  of  almost 
pure  rubber  overlapping  the  joint  and  held  in  place  on  the  pipe 
with  a  thin  ring  of  steel  with  countersunk-headed  bolts.  The 
action  of  that  was  such  that  the  pressure  of  the  water  held  the 
rubber  up  against  the  sides  of  the  pipe  and  prevented  the  water 
leaking.  There  was  one  joint  that  leaked.  Out  of  the  four  used 
only  one  caused  trouble,  and  that  was  rectified.  However,  that 
type  of  joint  is  not  probably  as  satisfactory  as  it  might  be,  and 
for  that  reason  a  different  joint  has  been  designed,  with  a  regular 
system  of  packing,  which  can  be  adjusted  and  tightened  up  should 
leaks  occur.  Many  of  these  rubber  joints  have  been  used,  and 
where  the  pipe  is  not  liable  to  be  emptied  in  winter  it  is  satis- 
factory. The  trouble  with  the  joint  that  failed  was  that  the  rubber 
froze  to  the  pipe  at  sometime  when,  it  was  emptied,  and  when  it  was 
nefiUed  with  water  the  rubber  tore.  It  has  been  impossible  to 
examine  it  since.  As  far  as  expansion  is  concerned,  it  provides 
amply  for  any  expansion  that  might  take  place.  There  is  about 
6"  of  rubber,  i",  and  the  pressure  at  that  lower  part  is  about  20 
lbs.,  and  at  the  upper  joint  about  10  lbs.  Preference  will  be  given 
to  the  new  joint  before  putting  this  one  in  again. 

With  regard  to  the  penstock  cover,  it  seems,  on  page  5,  that  the 
penstock  is  housed  in  or  covered  with  a  wooden  covering  to  prevent 
the  formation  of  ice.  Was  any  attempt  made  to  heat  the  covering 
of  the  penstock,  and  was  any  trouble  experienced? 

No  trouble  whatever  since  the  penstock  was  covered.  Heating 
was  effected  in  the  air  piping,  occasionally,  by  running  wires  from 
the  direct  current  machines  and  keeping  the  air  pipes  absolutely 
safe  from  freezing.  The  smaller  pipes,  that  is  the  vent  pipes,  are 
an  absolute  nuisance,  but  there  has  been  no  trouble  from  the  air 
pipes  since  this  little  heating  device  was  used. 
Mr  KtJpch  The  reference  was  not  to  the  vent  pipes,  but  to  the  Inside  of  the 

main  penstock. 


Mr.  K«Uch 
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There  has  been  no  trouble  since  it  has  been  corered.  The  M'- Hoii»te 
covering  is  made  air-tight.  It  is,  first  of  all,  made  of  rough  boards, 
then  covered  with  felt  building  paper,  tarred,  and  then  with  matched 
sheeting;  the  snow  banks  up  against  that  in  the  winter,  which 
makes  it  practically  air-tight,  and  there  is  a  large  wall  of  air 
between  the  pipe  and  the  wooden  box.  No  attempt  has  been  made 
to  heat  it. 

That  is  contrary  to  five  different  plants  which  are  known  tour. Keiaob 
the  speaker.     It  is  difficult  to  see  how  the  ice  is  prevented  from 
forming. 

In  the  others  the  trouble  may  be  caused  by  the  outer  covering  xr-  Hoigata 
not  being  air-tight.    If  there  is  any  way  that  the  air  can  get  in 
at  the  bottom  or  top  it  will   cause   a   draft  —  in  short,  the  thing 
is  to  make  it  air-tight  at  the  sides  and  both  ends. 

In  two  it  is  absolutely  air-tight,  and  warm  air  is  allowed  In  at  Mr,  K«iaoh 
the  ends,  and  still  the  ice  forms. 

Mb.  Smith. — ^About  this  covering  of  penstock,  we  find  that  con-  Mr.  smith 
siderable  trouble  has  been  caused,  due  to  the  freezing  up  of  the 
shell  ice  on  the  interior  of  the  pipes.  After  a  few  months'  experi- 
ence of  this  kind,  it  was  concluded  to  cover  the  penstock  in  with 
some  form  of  covering,  and  it  was  placed  as  follows:  6*^  air  space 
was  allowed  around  the  pipe,  and  barriers  were  put  up  for  10  feet 
along  the  horizontal  length  of  the  pipe.  The  covering  was  of  wood 
and  filled  on  top  so  that  it  was  practically  air-tight,  and  there  was 
very  little  chance  for  the  air  to  circulate  inside  of  this.  Notwith- 
standing this,  however,  it  was  found  that  a  small  amount  of  ice 
formed.  The  formation  of  the  ice  is  slow,  but  what  is  more  to 
the  point,  the  melting  of  the  ice  in  the  spring  is  slow. 

It  would  be  more  effective  if  the  felt  were  put  between  two  layers  Mr.  Hoigato 
of  wood  and  nothing  on  the  outside.     There  should  be  12"  air 
space,  and  not  a  6"  one. 

Mr.  Ross  referred  to  the  insulators  of  the  30,000  volt  line,  and  Mr.  Keicoh 
stated  they  were  tested  to  70,000  volts.    Was  this  a  dry  test  or  rain 
test,  and  also  was  the  break  down  in  the  insulators  that  took 
jplace  in  the  first  two  or  three  minutes  of  the  test  caused  by  any 
insulator  being  cold  or  damp? 

It  was  a  dry  test    Several  spray  tests  were  tried  just  to  deter-  Mr.  boh 
mine  the  character  of  the  insulators.    The  insulators  themselves 
were  absolutely  dry.    The  parts  were  tested  first,  and  after  they 
were  tested  they  were  assembled  and  the  15-minute  test  was  tried. 
Mr.  Kelsch  may,  if  he  wishes,  see  the  curve  showing  the  average  y 

rates  of  breaks  during  the  15  minutes.  |* 

There  are   in  the  speaker's  possession  a  number  of  insulators  Mr.  Keiach 
from  25  to  50,000  volts,  and  the  tests  run  fronb  50  to  120,000  volts, 
but,  as  yet,  there  has  been  no  experience  of  breaking  down  in  the 
first  few  minutes.    Have  you  had  that  experience  at  Kootenay? 
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A  record  of  the  breakdowns  in  the  digerent  minutes  is  m 
hand,  but  you  can  see  that  curve  of  the  36,000. 

Was  the  character  of  the  breakdowns  of  these  tests  cha 
with  the  time?  During  the  first  part  of  the  test  did  the  Insuli 
fail  by  arcing  over  and  were  they  punctured  later? 

Most  of  them,  it  seems,  were  punctured,  although  no  dei 
record  of  them  in  connection  with  the  whole  plant  was  kept. 

In  regard  to  the  financial  aspect  of  the  question,  Mr.  Ho 
has  told  us  that  the  cost  of  the  power  was  |51.00  to  the 
station.    What  provision  is  made  for  depreciation? 

That  question  is  worked  out  on  this  basis:  Certain  percent 
for  machinery,  etc.,  are  allowed,  for  instance,  buildings  2%,  ( 
probablyf  1J%  or  2%,  and  running  machinery  probably  7%; 
depreciation  in  copper,  which  is  more  or  less  vague,  3%.  It  is  a  < 
tion  of  following  up  the  depreciation  on  each  class  of  apparatus, 
being  governed  somewhat  by  local  conditions  and  the  total 
centage  on  the  whole,  5%*  or  4%,  or  so  on,  is  then  estim: 
Transformers  are  figured  on  7  to  10%,  lamps  and  meters  10%. 

To  the  west  side  of  the  river,  where  dams  Nos.  1  and  2  \ 
openings  were  left  in  those  dams  to  take  care  of  the  water  oe 
west  side  of  the  river.  The  work  was  carried  on  the  east  sld 
the  western  part  of  it  was  the  part  that  had  to  be  closed,  and 
was  done  in  this  way:  Piers  3'  x  3'  were  built  on  the  up-stream 
of  dams  1  and  2  at  the  openings — these  piers  contained  stop 
checks.  Stop  logs  were  fitted  in  these  checks  and  made  wj 
tight;  the  concrete  construction  was  then  carried  on  behind  1 
stop  logs. 

There  is  no  reference  to  the  actual  closing  in  the  paper, 
was  only  the  temporary  closing,  to  allow  us  to  build  the  dams 
3,  5,  G,  and  7,  but  dams  1  and  2  were  closed  last.     When 
were  closed  the  water  came  up  to  the  overflow  on  No.  3. 

Mr.  H.  Irwin  (M.  Can.  Soc.  C.  E.)— Has  there  been  any  tn 
from  Induction  on  the  telephone  line? 

No,  not  in  this  case,  because  it  is  80  feet  away.  The  C.  1 
gave  permission  to  put  our  line  on  the  telegraph  poles  80 
away,  which  made  a  metallic  return  circuit.  They  us^  one  lin 
a  local  up  and  down.  These  lines  seem  to  be  fairly  clear.  Pei 
Mr.  Kelsch  can  tell  us  something  in  connection  with  the  line 
Chambly. 

The  speaker's  experience  has  been  that  one  can  run  25  or  c 
volts  and  talk  over  the  line  just  as  well  as  over  any  line  in 
city.    There  are  telephones  right  on  the  transmission  line  that 
perfectly.     This  is  so  well  known  to-day  that  it  is  not  discu 
There  is  no  trouble  five  feet  away  from  the  transmission  line. 
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In  the  construction  of  concrete  walls  it  is  a  good  thing  to  use  Hr.  noicate 
large  stones,  if  they  are  properly  placed.  They  have  also  to  be 
absolutely  clean,  and  they  should  be  put  in,  keeping  in  mind  the 
building  of  a  stone  wall,  and  using  just  as  much  skill  as  in  anything 
else.  The  sand  or  stone  is  not  heated.  The  process  is  exactly 
as  described  in  the  paper,  by  turning  a  Jet  of  hot  steam  into  the 
bottom  of  the  barrel,  keeping  the  water  fairly  warm  all  the  time. 
It  was  the  first  time  that  the  speaker  had  used  a  jet  of  live  steam 
in  the  mixer,  and  he  watched  it  very  carefully.  The  sand  was  badly 
frozen  and  the  stone  was  quite  cold.  The  only  difterence  between 
it  and  other  processes  is  that  it  requires  a  little  longer  in  mix- 
ing, but  if  proper  attention  is  paid  to  it  there  need  be  no  fear.  If  the 
performance  of  the  mixer  is  watched  for  a  few  hours,  the  amount 
of  steam  required  and  the  necessary  time  for  applying  it  can  be 
gauged.  As  good  a  concrete  can  be  obtained  with  frozen  stone  and 
sand  as  in  summer.  T^e  result  of  this  method  is  absolutely  satis- 
factory, ihere  was  not  a  particle  of  concrete  which  was  in  any  way 
inferior  in  the  whole  of  the  structure. 

The  Montreal  Light,  Heat  &  Power  Co.  made  a  large  quantity  of  Mr.  waibank 
concrete  last  winter,  and  adopted  the  same  method,  except  that  they 
heated  the  stone  and  sand.    They  ran  steam  over  the  stone  through 
a  hose  before  mixing  the  concrete  in  order  to  melt  the  ice. 

Did  you  keep  any  temperature  test  of  the  concrete  in  setting? 

Not  regularly.  There  were  minimum  and  maximum  ther- Mr.  Hoigate 
mometers  put  In  the  concrete  on  several  nights,  but  they  never 
registered  any  extreme  low  temperature.  The  thermometer  was  not 
in  the  concrete  itself.  The  yard  size  Smith  type  mixer  was  used. 
On  cold  days,  working  not  more  than  9  hours,  close  on  200  batches 
were  turned  out  of  the  mixer  every  day.  The  cold  did  not  make  any 
material  difference  in  the  quantity  of  the  product. 


BUSINESS  MEBTING. 

A  business  meeting  was  held  on  the  2nd  May,  at  8  p.m.,  Mr 
3icLiea  Walbank,  President,  in  the  chair. 

It  was  reported  that  the  Council  had  appointed  Mr.  W.  J 
Drew  Assistant-Secretary  of  the  Society,  to  take  office  on  the 
■June. 

Messrs.  W.  McLea  Walbank,  J.  W.  Heckman,  Henry  Holj 
J^.  F.  Ballantyne,  H.  Daw,  L.  G.  Papineau,  F.  P.  Shearwood  an( 
Irwin  were  appointed  scrutineers  and  declared  the  follow 
elected: 

Mehbebs. 


Boucher,  C.  R. 
Campbell,  J.  M. 
Englund,  Oscar 
Frost,  G.  H. 


Kerr,  W.  C. 
Macrone,  G. 
McCulloch,  A. 
Odell,  G.  G. 


Perrott,  S.  W. 


Associate  Members. 


Ashcroft,  A.  E. 
Bagshawe,  F.  T. 
Bowman,  H.    A. 
Bryson,  G.H. 
Campbell,  C.  B. 
Clunn,  T.  H.  G. 
Ewart,  C. 
Foster,  A. 
Fullerton,  C.  H. 
Goodrich,  C.  M. 
Hayward,  J.  W. 
Hunter,  J.  W. 
Jones,  R.  W. 


Keith,  R.  C. 
Lawson,  W.  S. 
Lefebvre,  W. 
Lindsay,  J.  G. 
MacCallum,  A.  F. 
McLean,  J.  R. 
McPherson,  F.  G. 
Merrick,  W.  P. 
Monds,  W. 
Oldfleld,  A. 
Paget,  R.  E. 
Powell,  G.  G. 
Stewardson,  H. 


Transferred  from  the  Class  of  Associate  Member 

TO    THAT   OF   MeMBEB. 

Hesketh,  J.  A.  Higman,  O. 

Transferred  from  the  Class  of  Student 
TO  THAT  of  Associate  Member. 
Beaudry,  D.  L.  G.  deS.  Macnab,  J.  J. 

Beck,  A.  E.  McDiarmid,  S.  S. 

Campbell.  D.  McD.  Smith,  R.  H. 

James,  E.  A.  Trotter,  H.  L. 
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MECHANICAL.  AND  ELECTRICAL  SECTIONS. 

MECHANICAL   SECTION. 

President— R.  J.  Durley. 
Vice-President — ^W.  Kennedy,  Je. 

ELECTRICAL   SECTION. 

President— W.  McLea  Walbank. 
Vice-President— L.  A.  Herdt. 

A  joint  meeting  of  the  Mechanical  and  Electrical  Sections  was 
held  Thursday,  May  9,  Mr.  W.  McLea  Walbank  in  the  chair.  The 
following  paper  by  Messrs.  Ross-  and  Holgate  was  read; 

PAPER  NO.  254. 

POWER  DEVELOPMENT  ON  THE  KOOTENAY  RIVER  FOR 

THE  WEST  KOOTENAY  POWER  &  LIGHT  COMPANY, 

LIMITED. 

fey  Robert  A.  Ross  and  Henry  Holgate. 
(Members  Can.  Soc.  C.  E.) 

The  Kootenay  River  rises  in  the  northern  part  of  Windermere, 
in  British  Columbia,  a  short  distance  east  of  the  head  waters  of  the 
Columbia  River,  and  flows  southerly  parallel  to  the  north-flowing 
waters  of  the  Columbia  for  flfty  miles,  thence  through  Fort  Steele 
and  across  the  International  Boundary  into  United  States  territory, 
flowing  south  and  north-west  for  a  distance  of  about  120  miles.  It 
then  enters  Canadian  territory  again,  and  soon  expands  into  what 
is  iknown  as  Kootenay  Lake,  which  receives  a  number  of  small 
streams  In  its  northern  arm.  The  lake  discharges  by  way  of  the 
west  arm,  at  the  western  end  of  which  is  the  town  of  Nelson;  the 
river  keeps  a  south-westerly  course  to  Its  Junction  with  the 
Columbia  River  at  Robson.  The  total  length  of  the  river  Is  about 
350  miles,  and  the  area  drained  by  It  and  its  tributaries,  above  a 
point  ten  miles  below  Nelson,  is  some  9,800  square  miles,  of  which 
2,500  square  miles  are  United  States  territory. 

The  minimum  flow  of  the  river,  at  a  point  about  nine  miles  i^, 

below  Nelson,  was  found  to  be  5,850  cubic  feet  per  second.    These  '  j  ! 

measurements  were  taken  in  January,  1905,  when  the  water  in  the  >  . 

'ij :. 
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river  was  lower  than  at  any  season  previously  observe 
variations  in  flow  of  the  river  are  very  great,  but  no  meas 
of  maximum  flow  has  been  made  as  far  as  is  known.  The 
of  high  and  low  water  differ  from  those  of  rivers  not  siti 
mountainous  country,  and,  in  the  case  of  the  Kootena] 
which  largely  depends  for  its  supply  from  the  masses  of 
snow  on  mountains  of  great  altitude,  the  high  water  p 
comparatively  late  In  the  season,  highest  water  being  in  J 
July,  as  shown  on  the  diagram  No.  1. 

The  power  development  herein  described  was.  built  at  th 
Bonnington  Falls,  the  lower  falls  having  been  partially  d< 
some  years  ago  by  the  same  Company.  The  site  for  the  ( 
ment  of  the  upper  falls  was  chosen  on  the  north  bank 
river,  and  is  generally  shown  on  accompanying  diagram  ] 
The  channel  between  the  Rocky  Island  and  the  north  bs 
mad«  use  of  for  approach  and  tail  race  ;  the  power  ho 
built  in  the  river,  and  a  cofferdam  was  built  from  the  banl 
island,  thus  unwatering  the  whole  site  and  diverting  th< 
to  the  south  of  the  island.  Although  the  natural  channel 
materially  in  the  development  work,  yet  about  40,000  cubi 
of  rock  had  to  be  removed  to  provide  power  house  four 
and  tall  race.  The  removal  of  this  rock  was  somewhat  < 
owing  to  the  confined  area  in  which  the  work  had  to  b 
the  difficulty  of  disposing  of  it,  the  nature  of  the  rt)ck 
Granite)  and  the  irregularity  in  direction  of  the  seams  in  tl 
some  of  which  had  to  be  excavated  under  water.  As  a  lar 
of  the  concrete  work  admitted  of  the  use  of  large  stones 
most  suitable  for  the  work  were  piled  up  in  convenient  pla 
this  purpose,  and  a  large  quantity  was  passed  through  c 
and  used  in  the  concrete. 

By  referring  to  diagram  No.  1,  it  will  be  observed  tl 
variations  between  high  and  low  water  above  and  below  tl 
do  not  correspond.  The  reason  for  this  is,  that  at  present  t 
of  the  river  below  the  falls  is  restricted  by  a  number  ol 
islands.  These  hold  back  the  flow  of  the  stream,  but  it 
intention  to  Improve  this  channel,  so  as  to  afford  more  < 
area  and  more  nearly  equalize  the  rise  and  fall  below  tli 
with  the  rise  and  fall  above  them. 

Owing  to  these  variations,  which  can  never  be  c 
eliminated  (except  at  a  cost  beyond  commercial  practicabilit 
vertical  type  of  wheel  setting  was  adopted,  using  all  th 
available  at  all  stages  of  water,  instead  of  adopting  a  head 
would  be  nearly  constant  and  which  would  involve  the  sacr 
a  large  amount  of  power  for  periods  when  low  water  pre 
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Of  course,  when  the  natural  head  is  least,  the  volume  of  water 
used  is  not  important,  as  the  quantity  available  is  more  than 
ample,  but  at  periods  of  low  water  the  head  is  greatest,  and  the- 
vertical  setting  is  an  advantage  since  it  permits  the  use  of  the 
higher  head.  Had  a  horizontal  wheel  setting  been  adopted,  the 
power  house  floor  would  have  had  to  be  set  .above  highest  water, 
and,  allowing  the  use  of  a  draft  tube  of  24  feet  at  this  altitude, 
the  tail  water  would  have  had  to  be  maintained  at  a  level  above 
low  water,  which  would  involve  the  loss  of  head  for  a  considerable 
period  of  every  year  when  water  was  low  and,  consequently,  when 
head  was  most  valuable. 

It  is  the  intention  to  increase  the  natural  head  by  building  a 
timber  dam  across  the  river  to  a  height  that  will  drown  the  rapids 
above  the  fall,  thus  affording  an  increase  of  head  of  ten  feet,  and 
the  machinery  and  works  are  designed  to  meet  this  condition.. 
This  work  will  be  done  during  the  current  year.  There  are  no 
troubles  from  ice  on  this  river. 

It  is  possible  to  construct  works  at  the  outlet  of  the  Kootenay 
Lake  to  maintain  the  lake  level  more  nearly  uniform,  and  thus 
to  assist  materially  in  reducing  maximum  discharge  and  increasing 
minimum  discharge  of  the  river  below  this  point.  This  will  render 
working  conditions  much  better  and  increase  the  potentiality  of 
the,  river  considerably.  However,  the  matter  has  not  yet  been 
considered  by  the  Government,  though  it  would  afford  advantages- 
of  public  benefit  in  the  navigation  of  the  lake,  which  is  now,  and 
will  perhaps  always  be,  a  part  of  the  transportation  system  of  this 
district,  owing  to  the  great  difficulty  of  constructing  a  railway 
from  Kootenay  Landing  to  Proctor,  located  17  miles  above  Nelson. 

The  power  house  construction  and  arrangement  are  shown  on 
the  accompanying  sketches,  Nos.  4,  6,  and  6.  The  building  is 
entirely  of  monolithic  concrete  construction,  reinforced  wherever 
necessary;  the  reinforcement  consisting  of  round  steel  rods,  and  in 
some  places  of  steel  rails,  which  were  used  in  parts  of  the  structure 
under  severe  strain. 

The  general  scheme  can  readily  be  seen  by  referring  to  plan 
No.  6.  The  water  enters  the  flume  through  the  submerged  openings 
between  the  piers,  and  can  be  shut  off  by  gates  or  by  stop  logs,  the* 
latter  being  provided  for,  so  as  to  render  the  gates  accessible  in 
case  of  emergency.  Behind  the  gates  are  the  screens,  which  are 
thus  rendered  accessible  for  repairs  or  cleaning  if  necessary.  The 
water  flows  down  the  tube  formed  in  the  concrete  to  the  wheels, 
of  which  tliere  are  three  on  each  shaft,  two  discharging  into  the 
upper  draft  tube  and  one  into  the  lower  tube,  uniting  in  a  common 
discharge,   which   is   placed   below   low    water.     The   draft  tuber 
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are  moulded  in  concrete  and  have  no  steel  lining,  being  built 
with   the  structure,   cored  openings   in   the  monolith.      Care   ¥ 
taken  to  secure  a  very  smooth  surface  on  the  inside  of  all  passai 
for  water,  and  their  curves  and  cross  sections  were  designed 

I  offer  as  little  resistance  as  practicable. 

I  The  exciter  turbines  are  similarly  arranged,  but  are  made 

j  operate  under  a  constant  h*ead  by  having  the  discharge  at  a  higl 

1  level,  which  level  is  maintained  by  a  weir. 

1  The  pressure  pumps,  governors,  and  low  tension  cables  are 

located  in  the  chamber   below   the   power  house  floor,   the  oi 

^  machinery  on  the  floor  being  the  generators,  controlling  board  a 

the  low  tension  switches.  The  crane  travels  the  length  of  I 
power  house  and  over  the  railway  track,  so  that  all  machinery  c 
be  handled  from  the  car  to  place  by  the  crane.  Any  leaks 
through  the  up-stream  wall  is  taken  care  of  in  the  air  space  a 
drained  off. 

The  tail  race  openings  are  also  provided  with  gates  and  si 

I  logs,  which  can  be  closed,  and  any  chamber  can  be  emptied  of 

water  by  a  system  of  drains  and  valves,  leading  the  water  from  a 
one  chamber  to  a  well  at  the  south  end  of  the  building,  wher( 
centrifugal  pump  throws  it  out  into  the  tail  race.  The  head  wa 
is  admitted  through  a  by-pass,  as  shown  on  plan  No.  4.  1 
whole  scheme  provides  the  greatest  facility  for  inspection  a 
making  of  repairs  when  necessity  arises. 

The  transformer  house  and  switch  room  are  clearly  shown 
plans  No.  7  and  No.  8.  The  floor  of  the  transformer  room  is 
such  a  level  as  to  permit  of  the  transformers  being  wheeled 

;  their  own  trucks  from  a  flat  car  on  the  railway  siding  into  pla 

The  transformers  are  entirely  separated  from  the  switch  room  b: 
concrete  wall,  and  the  whole  building  is  of  concrete,  including  1 
partitions  and  barriers. 

Owing  to  the  peculiar  location  necessary  for  the  transforn 
and  switch  building  in  relation  to  tl^e  power  house,  it  was  nee 
sary  to  throw  arches  over  a  gap  in  the  rock  to  provide  foundatj 
for  the  building,  this  will  be  seen  on  plan  No.  8. 

As  this  work  is  the  largest  single  piece  of  concrete  constructj 

yet  built  in  the  Province,  it  is  satisfactory  to  be  able  to  say  tl 

the    whole    of    the    cement    used    was    manufactured    in    Brit 

i  Columbia,  and  successfully  passed  the  rigid  tests  of  the  Engine 

prior  to  acceptance. 
•  Hydraulic  Ifac^irtery.— Each  main  unit  is  capable  of  deliveri 

to  its  electrical  generator  8,000  mechanical  horse  power  wl 
operating  under  a  head  of  70  feet  of  water  and  when  running 
a   speed  of  180  revolutions  per  minute.     The  quantity   of  wa 
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required  per  unit  is  1,260  cubic  feet  per  second,  or  a  volume  equal 
to  the  flow  of  a  river  100  feet  wide,  5  feet  deep,  and  moving  with 
a  velocity  of  151.2  feet  per  minute. 

Bach  8,000  H.P.  turbine  consists  of  three  inward  flow  Francis 
runners  mounted  on  a  vertical  shaft,  each  runner  being  equipped 
with  its  own  distributor  and  moveable  guide  vanes.  These  distri- 
butors are  bolted  to  heavy  cast  iron  base  rings  secured  to  the 
masonry.  The,  runners  are  thus  mounted  in  concrete  pits,  which 
form  the  turbine  wheel  casings  and  the  draft  tubes  for  carrying 
the  discharge  water  to  the  tail  race. 

The  runners  are  made  of  special  turbine  metal  of  approximately 
88  parts  copper,  10  parts  tin,  and  2  parts  zinc.  Each  is  made  in 
one  piece,  cast  in  cores  and  bolted  to  the  hub.  The  hubs  are  mad^ 
by  enlarging  the  shaft  at  the  points  Where  the  runners  are 
attached,  and  heavy  flanges  are  turned  on  the  shaft  above  the  hubs, 
to  which  the  runners  are  securely  bolted. 

The  upper  and  intermediate  runners  dia|charge  in  opposite 
directions  into  a  common  draft  tube,  the  upper  one  discharging 
downward.  The  lower  runner,  like  the  upper  one,  discharges  down- 
ward also,  but  into  its  own  individual  draft  tube.  The  chamber 
above  the  upper  rflnner  is  by-passed  to  the  draft  tube,  which 
relieves  the  pressure  in  the  chamber,  and  thus  eliminates  the 
hydraulic  thrust  of  this  runner.  As  the  other  two  runners  dis- 
charge in  opposite  directions,  the  total  resultant  thrust  on  the 
shaft  is  theoretically  zero.  The  thrust  bearing,  however,  has  been 
designed  to  take  care  of  a  generous  amount  of  thrust  over  and 
above  the  dead  weight  of  the  revolving  parts.  The  revolving 
parts  consist  of  the  rotor  of  the  generator,  the  shaft  in  three  sec- 
tions, three  runners  weighing  4,000  pounds  each,  couplings  and 
bolts,  making  a  total  of  170,000  pounds.  The  thrust  bearing  con- 
sists of  two  specially  close  grained  cast  iron  disks.  The  lower 
disk  is  supported  by  a  ball  seat,  while  the  upper  is  securely  held 
in  place  by  an  jesting  nut  on  shaft.  The  disks  have  raised  lips 
on  the  outside  and  inside  circumferences,  so  as  to  form  an  annular 
pressure  chamber,  into  which  the  oil  is  forced  under  a  pressure  of 
250  pounds,  which  lifts  the  revolving  parts.  When  these  parts  are 
lifted  the  oil  escapes  between  the  surfaces  of  the  disks,  by  this 
means  supporting  the  total  weight  on  a  film  of  oil. 

The  thrust  bearing  is  covered  with  a  cover,  fitted  with  glass 
peep  holes.  The  oil  is  supplied  to  the  bearing  from  a  high  pressure 
triplex  pump,  capable  of  working  under  a  pressure  of  500  pounds 
per  square  inch.  This  pump  is  directly  driven  from  the  main  tur- 
bine shaft  by  bevel  gearing  and  counter  shaft.  Each  turbine  lias 
its  own  pump,  oil  tank,  piping,  gauges,  etc.,  which,  in  fact,  is  a 
complete  system  in,  itself,  and  independent  of  the  governor  system. 
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An  extra  motor  driven  pump,  with  piping,  has  been  provided, 
which  is  arranged  to  act  as  a  spare  for  any  one  of  the  main  units 
or  exciters,  but  its  primary  use  is  to  supply  oil  to  the  turbines 
when  starting  up. 

^The  main  turbine  shaft  is  kept  in  alignment  by  three  guide 
bearings.  The  upper  guide  bearing  is  built  in  conjunction  with  ibe 
thrust  bearing.  It  is  lined  with  Parson's  White  Brass  and  is 
lubricated  by  oil  supplied  under  pressure. 

The  intermediate  and  lower  guide  bearings,  the  former  situated 
above  the  upper  runner,  and  the  latter  between  the  intermediate 
and  lower  runners,  are  of  lignum  vlt»,  made  by  driving  lignum 
vitffi  into  the  dovetail  spaces  in  the  bronze  boxes.  As  these  bear- 
ings are  submerged,  they  are  well  lubricated  with  water  ana 
require  little  or  no  attention. 

The  water  is  distributed  to  the  runners  through  malleable 
iron  moveable  guide  vanes  finished  smooth,  so  as  to  offer  little 
resistance  to  the  water.  These  vanes  are  operated  by  means  ot 
links  from  one  side  of  the  vane.  The  links  are  connected  up  to 
the  vane  operating  ring.  The  rings  are  operated  by  rods  and  levers 
from  a  vertical  shaft  which  leads  to  the  operating  deck,  where  the 
governor  Is  located.  « 

The  revolving  balls  of  the  governor  control  a  pilot  valve 
attached  to  an  equalizing  lever.  This  valve  operates  a  relay  valve, 
which  in  turn  controls  the  main  operating  piston,  which  is 
connected  to  the  vane  operating  shaft. 

An  oil  pump,  a  pressure  tank,  and  the  necessary  piping  Is 
furnished  with  each  governor. 

In  order  to  control  the  speed  of  the  turbines  from  the  switch- 
board, each  governor  is  furnished  with  remote  electric  control. 

The  two  upper  sections  of  the  main  turbine  shafting  are  Joined 
together  by  a  cast  steel  coupling  four  feet  in  diameter.  The  brake 
mechanlsni  is  fitted  about  the  coupling,  the  outer  edges  forming 
the  brake  band.  Two  brake  shoes  are  applied  on  the  brake  band, 
and  a  hand  mechanism  is  arranged  so  that  a  force  of  10,000  lbs.  Is 
brought  on  each  brake  shoe. 

Each  turbine  is  guaranteed  to  give  an  efficiency  of  at  least 
80%  when  delivering  8,000  H.P.  and  operating  under  a  head  of 
70  feet  running  at  a  speed  of  180  revolutions  per  minute. 

The  hydraulic  machinery  is  all  the  product  of  the  I.  P.  Morris 
Company,  whose  hydraulic  engineer,  Mr.  W.  M.  White,  designed 
and  carried  out  the  work  so  successfully. 

Electrical  Development. — The  general  scheme  of  electrical  distri- 
bution is  so  arranged  that  power  can  at  present  be  delivered  to 
Phoenix,  79  miles  distant,  at  60,000  volts;   Grand  Forks,  69  miles 
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distant,  at  60,000  volts;  Greenwood,  83  miles  distant,  at  60,000 
volts,  and  to  Rossland,  32  miles  distant  (in  the  latter  case  over 
the  existing  lines  of  the  old  plant),  at  22,000  volts. 

It  will  be  seen  that  owing  to  the  complication  involved  in 
tying-in  to  the  old  plant  two  transmission  voltages  were  required, 
and  therefore  transformers,  switching  apparatus,  etc.,  had  to  be 
provided  for  both.  Plan  Ko.  9  shows  diagramatically  the  connec- 
tions of  the  different  plants  and  sub-stations. 

The  whole  of  the  power  so  far  sold  is  used  for  mining  work 
for  large  motor  equipments,  for  the  lighting  and  power  of  the 
mines,  and  the  lighting  requirements  of  the  various  mining  towns 
above  mentioned. 

In  addition,  it  is  thought  that  the  company  will  be  able,  at 
some  time  in  the  not  distant  future,  to  sell  power  to  the  railways 
in  the  vicinity  of  Rossland  for  operating,  especially  on  the  heavy 
grades  necessary  in  attaining  the  elevation  of  the  Rossland  Camp. 
The  haulage  over  those  grades  at  the  present  time  is  operated  by 
steam  locomotives  of  special  type.  In  some  cases  these  are  geared, 
and  switchbacks  are  established  along  the  route  in  order  to  ease 
grades  and  for  safety.  As  the  heaviest  grade  does  not  exceed 
4^%,  this  is  quite  within  the  capacity  of  a  modem  electric  loco- 
motive of  considerably  less  total  weight  than  the  present  steam 
machines,  and  as  the  advent  of  the  single  phase  motor  has 
rendered  it  possible  to  operate  without  the  use  of  rotary  converters 
or  dynamo  motor  sets,  the  problem  is  much  simplified. 

Generators  and  Exciters. — The  generators  are  four  in  number, 
each  of  4,500  Kw.  capacity  at  2,200  volts  and  80%  power  factor, 
at  a  frequency  of  60  cycles,  being  of  the  umbrella  type  and 
directly  connected  to  vertical  water  wheels.  Two  units  only  are 
at  present  installed. 

The  exciters  are  two  in  number,  each  of  a  capacity  sufficient 
to  excite  the  entire  equipment  when  finally  installed.  These  are 
also  of  the  umbrella  type  and  directly  connected  to  vertical  wheels. 

Generating  Station  Stoitchhoard. — ^As  will  be  seen  from  plan  No. 
4  current  is  carried  at  2,200  volts  to  the  bus  bars,  in  compart- 
ments elevated  above  the  station  floor,  and  formed  entirely  of 
concrete,  all  parts  being  thoroughly  barriered  with  the  same 
material.  The  top  of  this  bus  bar  compartment,  in  which  all 
operating '^.^^nsformers  are  placed,  forms  the  base  of  a  platform, 
upon  which  are  mounted  19  2,dOOVolt  oil  switches,  all  being  motor 
operated  by  distant  control  from  the  bench  board. 

The  bench  board,  which  contains  the  controls  for  the  whole  of 
the  station,  including  the  2,200  volt  switches,  20,000  volt  switches, 
60,000  volt  switches,    together    with    the    speeders    for  the  water 
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wheels,  is  situated  in  front  of  the  instrument  iMinel  at  the  end  of 
the  station,  all  connections  thereto  being  reduced  to  a  pressure  of 
not  over  110  yolts  for  safety. 

The  general  switching  arrangement  has  been  worked  out  on  ttie 
basis  of  two  separate  and  distinct  plants,  which  may  be  coupled 
together  or  run  separately  on  any  transmission  line  or  any  bank 
of  transformers. 

The  cables  for  connecting  to  the  low  voltage  bus  bars,  and  from 
thence  to  the  transformer  station  adjacent,  are  all  rubber  covered 
and  drawn  into  bituminous  fibre  ducts,  which  are  embedded  in  the 
concrete  floors,  partitions,  etc. 

Transformer  Station,— ThQ  transformer  station  is  arranged  for 
four  banks  of  60,000  yolt  transformers,  each  transformer  being  of 
1,875  kilowatts  capacity,  at  60,000  volts,  and  one  bank  of  three 
transformers,  each  of  1,000  kilowatt  capacity,  at  20,000  volts,  for 
interconnecting  between  the  station  herein  described  and  the  old 
development,  which  is  distant  about  one  mile;  of  these  two  banks 
of  60,000  volt  and  one  bank  of  20,000  volt  transformers  have  been 
installed. 

All  of  the  switches  throughout  the  transformer  house  are  motor 
operated  and  controlled  from  the  bench  board  in  the  same  station. 

In  every  case  live  parts,  such  as  wires,  etc.,  are  kept  three 
feet  apart  and  18  inches  from  all  walls  and  barriers,  and  mounted 
on  60,000  volt  insulators.  The  transformers  are  oil-filled  and 
water-cooled,  and  have  all  the  necessary  connections  for  natural 
circulation  of  water  and  for  handling  of  oil  into  and  out  of  storage 
tanks  by  means  of  oil  pumps. 

Substations:  Phoenix,  Grand  Forks,  Greenwood, — ^The  design  of 
these  sub-stations,  all  of  which  are  alike,  is  shown  on  plan  No.  10. 

Both  the  transmission  lines  enter  the  tower  through  special 
entrances,  consisting  of  plate  glass  and  porcelain  tubes;  from 
whence  the  lines  pass  through  the  choke  colls  and  disconnecting 
switches,  and  from  there  into  the  high  tension  distant  control  oil 
switches,  and  finally  into  the  main  transformers,  being  transformed 
in  pressure  from  50,000  to  2,200  or  440  volts,  as  required  by  the 
motor  service. 

The  transformers  of  1,000  Kw.  each  are  located  in  banks  of 
three  in  separate  compartments,  the  necessary  cooling  water  and 
oil  piping  and  tanks  being  supplied.  The  transformers  are 
mounted  on  trucks  and  arranged  so  that  they  can  readily  be  run 
out  of  the  compartments. 

Eigh  Tension  Switch  Room  and  Tower,— In  this  compartment  are 
installed  all  the  high  tension  apparatus,  lightning  arresters, 
switches,  etc.    The  floor  of  this  compartment  is  raised  four  feet 
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aboTe  the  general  level,  this  space  thus  rendered  available  being 
used  for  carrying  the  high  tension  lines  connecting  between  lines 
and  switches.  For  convenience  in  inspecting  and  cleaning  the 
lightning  arresters,  etc.,  an  elevated  walk  way  has  been  provided 
in  this  compartment.  All  low  tension  cables  are  carried  in  fibre 
conduit  set  in  concrete. 

Low  Tension  StoUcKbaard  Boom. — This  room  contains  all  the  con- 
trol apparatus  for  the  high  tension  switches,  etc.,  as  well  as  feeder 
panels  for  low  tension  lines,  also  the  storage  battery  for  operating 
the  motor  operated  switches,  motor  generator  set  for  charging 
the  batteries,  etc.  One  end  of  this  compartment  is  reserved  as  a 
store  room  for  supplies. 

The  construction  of  this  entire  plant  was  done  by  day  labor 
under  the  supervision  of  the  engineers.  It  was  commenced  in 
June,  1905,  and  water  was  admitted  to  the  forebay  December  24th, 
1906.  Exciters  were  operated  on  December  29th,  and  one  of  the 
power  units  went  into  commission  on  the  following  day. 

We  desire  to  acknowledge  the  assistance  of  Mr.  John  L.  Allison, 
Member  Canadian  Society  of  Civil  Engineers,  and  of  Mr.  J.  N. 
Smith,  for  the  able  assistance  given  in  designing  this  work,  and 
also  the  services  of  Mr.  Geo.  E.  Revell,  A.M.,  C.S.C.E.,  Mr.  Walter  J. 
Francis,  M.,  C.S.C.B.,  and  Mr.  A.  C.  D.  Blanchard,  A.M.,  C.S.C.B., 
who  at  various  stages  of  the  work  directed  its  construction. 
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Mb.  W.  McLea  Walbank  (M.Can.SocC.E.)— Mr.  Holgate,  will  yoa 
give  us  an  idea  as  to  how  you  operate  these  stop  logs?  Are  they 
wooden  or  steel? 

Mb.  Henby  Holoate  (M.  Can.  Soc.  C.  E.) — They  are  wooden  stop 
logs.  A  carriage  travels  on  a  broad  gauge  track  over  the  piers  at 
the  headworks  and  inlets,  and  also  at  the  tail  water  outlets,  and 
this  carries  winches  operated  by  electric  motors  which  raise  the 
stop  logs. 

How  long  does  it  take  to  do  this? 

There  never  was  a  chance  to  try  how  long  it  would  take.  The 
machinery  was  put  into  commercial  use  the  day  after  it  was 
Started,  and  there  has  been  no  reason  for  closing  since  then.  It  is 
expected  they  will  operate  quickly.  The  openings  are  15  feet  wide^ 
and  the  water  is  18  feet  deep  at  the  lowest  stage.  There  is  a  general 
plan  and  a  cross  section  showing  all  this. 

Mb.  Ebnest  Mabceau  (M.  Can.  Soc.  C.  E.) — How  are  the  stop 
logs  put  down  or  sunk?  The  difficulty  is  not  in  raising  them,  but 
in  putting  them  down.  Is  there  any  special  appliance  for  the 
purpose? 

At  Chambly  steel  stop  logs  are  used  and  let  down  by  regular 
machinery.    It  takes  three  hours  to  put  them  down. 

Did  not  Mr.  Kennedy  design  some  apparatus  for  this  purpose? 

There  was  some  made  for  Chambly,  but  it  was  discarded  since 
it  proved  imipracticable.  At  Lachine  Power  House  also,  where 
wooden  stop  logs  were  used,  difficulty  was  experienced  with  the 
gates,  which  would  not  close  with  the  water  running.  Steel  gates 
had  to  be  made  with  small  gates  inside  of  them.  The  pressure  had 
to  be  taken  off  in  that  way  and  then  the  gates  were  let  down. 

The  gates  are  made  in  three  sections  and  heavily  plated  and 
weighted.  They  are  carried  into  place  by  their  own  weight,  and 
no  special  means  are  used  for  putting  them  down. 

If  the  water  were  running  through  they  would  not  go  down. 

There  is  no  ice  or  floating  material  in  the  Kootenay  River.  The 
conditions  are  not  sufficiently  serious  to  take  further  precautions. 

Are  round  steel  rods  used  for  reinforcing  in  place  of  patented 
rods,  on  account  of  their  cheapness  or  because  they  are  better? 

With  the  proper  mechanical  bond  or  anchor  at  each  end,  if  put 
into  concrete  of  the  proper  consistency,  when  the  work  is  intelli- 
gently and  correctly  carried  out,  the  round  steel  bar  provides  the- 


»r* 


tiUN8ACTrON8  CAN.  SOC.  t.  B. 
VOL.ZZL  Plats  ». 


r^TR£AL,r£B^2.07. 


on  the  Kootenay  River  .159 

necessary  reinforcement  for  any  duty  called  for  in  such«a  piece  of 
work. 

There  is  one  point  In  this  connection  which  calls  for  a  little  ur.  Marcean 
attention  on  the  part  of  engineers,  and  that  is  the  durability  of 
reinforced  concrete  under  water  when  the  structure  is  subjected  to 
severe  strains.  For  instance,  it  seems  that  in  the  case  of  a  forced 
pipe  of  reinforced  concrete,  the  coating  is  liable  to  crack  and  water 
to  come  in  contact  with  the  steel  bars.  In  that  case  rust  will 
necessarily  be  produced  and  the  strength  of  the  bars  will  be 
gradually  decreased,  possibly  to  such  an  extent  as  to  endanger  the 
permanency  of  the  pipe. 

Experience  with  reinforced  concrete  under  the  conditions  stated 
is  of  rather  short  duration,  and  until  such  structures  as  are  already 
built  have  undergone  the  test  of  time,  one  should,  it  seems,  be  very 
careful  in  adopting  this  mode  of  building. 

Members  who  have  had  experience  in  that  direction,  may  be 
able  to  give  us  the  benefit  of  such  experience. 

Mr.  J..  A.  Jamieson  (M.  Can.  Soc.  C.  E.) — In  regard  to  the  steel  Mr.  Jamieaon 
becoming  rusted  on  being  attacked  under  these  conditions,  there  is 
not  the  slightest  danger,  provided,  of  course,  that  the  stress  is  not 
too  great  to  open  up  the  concrete.  A  good  illustration  of  this  might 
be  taken  from  an  occurrence  in  the  city  of  St.  John,  N.  B.,  or  what 
was  then  the  town  of  Carleton,  at  the  west  side  of  St.  John.  Some 
50  years  ago  they  put  down  a  series  of  water  pipes,  made  of  thin 
sheet  iron,  throughout  the  town.  They  were  about  No.  22  gauge, 
lined  inside  and  out  with  concrete.  About  four  years  ago,  in  building 
down  there,  the  occasion  arose  to  tap  that  pipe,  so  as  to  make  a 
connection  with  the  power  house.  A  piece  was  cut  out.  A  sample 
of  it,  when  the  cement  was  taken  off,  showed  that  it  was  Just  as 
bright  as  the  day  it  was  put  in,  some  47  years  before.  The  Superin- 
tendent sent  a  piece  of  the  pipe  for  me  to  keep  as  an  illustration; 
he  cut  the  piece  out  of  the  pipe  longitudinally,  flattened  it  out  and 
sent  it  up  by  express.  One  side  at  least  was  half  covered  with 
cement,  which  adhered  even  after  the  pipe  had  been  flattened  out. 
There  was  no  rust  on  the  iron  anywhere,  and  after  a  little  while  it 
was  varnished.  To-day  it  is  as  bright  as  the  day  it  was  made.  There 
is  no  more  danger  of  steel  rusting  under  water  than  above. 

If  the  water  comes  into  contact  with  it?  Mr.  Maroeau 

The  water  will  filter  through.      The  concrete  is  more  or  less  Mr.  Jamieaon. 
porous. 

It  does-not  seem  that  the  metal  can  be  affected  by  water  filte^'ng  Mr.  Marceau 
through  the  pores  in  the  concrete.     Might  not  a  fissure      f  con- 
siderable width  be  caused  by  a  settlement  of  the  structure,  for 
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instance,  and  then  would  not  water  reach  the  bars  in  sufficient 
quantity  tb  impair  their  resistance  through  its  rusting  action? 
Mr.  JamiMon  In  case  it  Opened  wide  enough,  it  is  quite  possible  that  the  water 

would  penetrate,  but,  of  course,  the  proper  way  is  to  take  precau- 
tions so  that  there  will  be  no  cracking  or  settling.  This  has  been 
very  well  looked  into.  There  is  not  much  fear  of  the  steel  cor- 
roding under  proper  conditions.  In  a  recent  design  of  a  large 
reinforced  pipe  1^  miles  long,  there  was  no  difficulty  with  the  steel. 

Was  it  reinforced  with  bars? 

Yes,  with  bars,  and  a  special  metal  fabric  for  the  inside,  but  there 
is  no  fear  whatever. 

Water  tanks,  towers,  etc.,  protected  in  this  manner,  have  been 
built  in  France  and  Germany  for  years. 

All  through  Europe  it  has  been  the  practice  for  a  great  many 
years,  and  there  have  been  no  difficulties.  In  regard  to  the  use 
of  the  deformed  bar  or  of  the  plain  bar,  it  is,  of  course,  all  a  ques- 
tion of  design.  If  the  ends  of  the  plain  bars  are  properly  anchored, 
then  they  are  practically  as  good  as  the  deformed  bars,  but  under 
many  other  conditions  it  is  advisable  to  use  a  deformed  bar.  It  all 
depends  on  the  conditions. 

Were  you  able,  Mr.  Francis,  to  make  any  special  tests  as  to  the 
efficiency  of  the  wheels? 

Miu  Fkancis. — No.  After  the  wheels  were  started  it  was  not 
possible  to  make  any  tests  at  Kootenay. 

Baron  Gustate  de  Coriolis  (A.  M.  Can.  Soc.  C.  E.) — What  was 
the  character  of  the  sand  found  at  Kootenay? 
,     Granite  sand.    It  resembles  the  stone  of  the .  country,  an<^  is  a 
clean,  sharp  sand. 

It  was  only  a  good  concrete  sand,  perfectly  graded  all  the  way 
from  good  sharp  sand  to  stone  the  size  of  a  hen's  egg. 

At  the  last  meeting  Mr.  Holgate  told  us  the  cost  per  horse 
power  of  the  installation  for  the  Huronian  Ck>mpany.  Is  it  possible 
to  give  the  cost  in  this  case? 

Assuming  that  the  whole  development  is  complete,  that  is,  the 
other  two  units  installed  and  the  normal  capacity  of  the  station 
24,000  H.P.,  the  cost  per  H.P.  to  the  switchboard  in  the  generating 
station  is  $36.45.  This  is  divided  up  between  the  building  work, 
figuring  the  actual  construction  work  as  $16.42,  or  45%v  and  the 
machinery,  which  includes  the  switching  apparatus  and  cables,  as 
$20.03,  or  5^%(  of  the  total  cost  of  the  power. 
Mr.  Walbank  The  full  development  was  $36.45  per  H.  P.  for  everything? 

Mr.  Holgate  No.     That  does  not  include  the  transmission  lines  or  the  cost 

paid  to    the    Government    for    the    water    rights.     Of  course,  the 
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figures  named  include  the  transf  ornuer  house  and  equipment,  and  Mr.  Hoisate 

everything  constructed  except  the  outgoing  lines. 

The  total  cost  per  H.P.  was  about  153.75  for  12,000  H.P.  only; 

but  the  building    work    and    the    construction  work  are  built  for 

double  that  power. 

That  is  including  the  transmission  lines?  nr.waibank 

No!    that  ends  at  the  commencement  of  the  transmission  lines,  Mr.  Hoigaie 

it  does  not  include  the  lines. 

At  what  figure  can  power  be  deliyered  to  the  consumer  within  Mr.  Maroew 

a  certain  distance? 

Mb.   R.  a.  Ross    (M.  Can.  Soc.  C.  E.)— The   company    is  selling  Mr.  Ross 

power  for  an  average  of  a  little  over  $30.00  per  H.P.  for  24  hours, 

coal  costing  something  like  |8.00  or  $9.00. 

Yes,  but  the  water  costs  less.  ^f-  w*it»M»k 

And  at  what  distance  from  the  power  house?  Mr.M«rce»u 

89  miles,  at  $30.00  per  H.  P.  Mr.  Ross 

Mr.  K.  W.  Blackwell  (M.  Can.  Soc.  C.  E.)— What  would  be  the  Mr.  Bisckweii 

probable  cost  of  operating? 

The  cost  of  operating  amounts  to  something  like  |24,000  per  Mr.  Ross 

year,  or  |2,000  per  month. 

You  say  |30.00  for  24  hours?  Mr.Wftibank 

That  is  for  mining  purposes,  200  H.  P.  to  3,000  H.  P.  blocks  of  Mr.  Ross 

power. 

Mr.   KENirr.— Is    there    any  preparation    for    dismantling    theMr.Kenigr 

water  wheels? 

There  is  a  motor-operated  crane  which  hoists  anything  from  the  Mr.  Ross 

bottomi  of  the  wheel  pit. 

Would  It  be  necessary  to  remove  the  generator?  Mr.waibank 

It  would  be  necessary  to  remove  the  rotor.  '  Mr.  Koss 

Was  any  special  provision  made  for  a  drain  for  the  water  in  the  Mr.  Kenny 

forebay  wall  between  the  forebay  and  the  power  house? 

There  was  no  need,  for  the  reason  that  no  water  leaks  there.  Mr.  Hoigate 

It  was  made  water  tight,  but  any  leakage  would  go  straight  down 

through  to  the  tail  race.    It  is  a  question  of  concrete.    The  concrete 

was  put  in    as  perfect  a  manner  as  possible,  and  concrete  so  put  in 

is  water  tight. 

Ma.  F.  P.  Shbarwood   (M.  Can.  Soc.  C.  E.) — In  using  reinforced  Mr.  shesrwood 

concrete,  is  there  any  danger  from  electrolysis?      In  a  report  of 

some  experiments  In  the  "Engineering  News"  a  short  time  ago,  it 

showed  that  steel  embedded  in  concrete  was  very  susceptible. 

There  is  no  chance  of  electrolysis  at  all?  •  Mr. Francis 

It  is  only  likely  to  occur  with  direct  current,  and  there  is  but  Mr.  Ross 

little  evidence  that  alternating  current  would  have  the   slightest 

effect  in  that  direction.    The  only  current  that  could  possibly  flow 
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into  the  structure  in  any  way  would  be  through  leakage,  and  it  1& 
hard  to  realize  where  the  leakage  would  come. 

Mb.  Belnap.— There  has  been  a  good  deal  of  trouble  in  the  past 
with  lightning.  Was  there  any  special  provision  made  to  protect 
against  lightning? 

Just  the  ordinary  choke  coils.  As  a  matter  of  fact,  while  light- 
ning does  occur,  there  has  seldom  or  ever  been  a  shut  down  from 
that  cause  during  the  10  years  of  operation.  It  is  not  well  to 
multiply  devices. 

Are  all  the  poles  covered  with  a  protection  against  the  con- 
siderable snow  falls  which  pile  up  on  the  top  of  the  cross  arms  to 
the  extent  of  3"  or  4"? 

Snow  conditions  are  peculiar.  On  the  top  of  a  stump  there  ia 
often  a  mushroom  head  of  snow,  and  the  same  conditions  exist  on 
the  cross  arms,  but  no  difficulties  arise,  as  the  wire  throws  off  the 
snow  and  leaves  a  clear  opening. 

When  the  concrete  draft  tubes  were  put  in,  was  there  any 
protection  or  steel  put  on  the  point. 

No!  just  the  reinforced  concrete.  Every  size  of  bar  that  can 
be  mentioned  from  15"  down  to  the  latest  expanded  metal  lath  has 
been  employed. 

The  Montreal  Light,  Heat  &  Power  Ck).  are  putting  in  draft 
tubes  with  a  steel  casting  to  protect  the  toe.  They  were  afraid  to 
trust  to  concrete. 

We  used  these  draft  tubes  to  take  care  of  the  greatest  stresses, 
because  in  that  country  it  is  easier  to  get  a  C.  P.  R.  good  heavy 
rail  than  bring  good  bars  from  Ontario. 

What  kind  of  foundation  was  there? 

Pure  Nelson  granite. 

The  concrete  mixture  was  varied  so  as  to  meet  the  necessities 
of  the  various  portions  of  the  work;  that  portion  referred  to  as  the 
Junction  of  the  draft  tubes  was  particularly  well  taken  care  of  in 
that  respect,  and  a  special  reinforcement  was  designed  to  Ixelp  out 
on  the  curves  of  these  tubes. 

Whose  governor  is  used? 

One  manufactured  by  I.  P.  Morris,  of  Philadelphia. 

Is  that  the  first  installed  in  this  country? 

It  is  probably  the  first  in  Canada.  Governors  have  been  made 
for  quite  a  long  time,  but  this  is  practically  a  redesigned  governor. 

Has  it  been  tested  yet? 

There  has  been  no  means  of  testing  it,  nor  has  there  yet  been 
any  complete  test  of  the  operations  of  the  apparatus,  but  it  is  hoped 
that  this  can  be  done  before  very  long.  At  the  present  time  the 
reports  are  that  the  whole  plant  is  operating  in  a  perfectly 
satisfactory  manner. 
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Is  the  load  fairly  steady?  Mr.waibank 

The  consumers  are  in  large  units.    The  load  cannot  be  compared  Mr.  uoigata 

with  a  Street  Railway  load. 

In  proportion  to  the  whole  load,  the  variations  are  probably  Mr.  waibant 

greater.  ,      ^ 

From  the  nature   of   the   load   which   has   been   carried  on  the  Mr.  Hoigate 

old  power  house,  50%  variation  is  nothing  extraordinary,  and  the 

new  plant  is  liable  to  the  same  conditions,  but  before  long  there 

will  be    some    definite    results,    both    as    to    the    regulation    and 

efficiency  of  the  plant. 

Is  the  old  plant  tied  to  the  new  one  at  all?  Mr.Beinap 

Yes,  they  are  tied  together  for  a  20,000  volt  line,  which  can  be  Mr.  robs 

taken  from  one  station  or  the  other,  but  by  now  the  old  station 

has  probably  been  shut  down. 
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Written  Discussion  on  tub  Powek  Development, 

KOOTENAY    RiYEB. 

Mr.HoigAte  Mb.  Henbt  Holgate. — ^The  question  has  been  raised  as  to  the 

liability  of  the  interior  of  the  concrete  water  passages  to  attrition. 
All  curved  passages  are  made  so  as  to  minimize  friction,  and  the 
maximum  speed  of  water  is  not  excessive;  the  speed  of  the  water 
in  upper  and  lower  draft  tubes  is  exactly  the  same  in  each  tube  at 
the  Junction,  so  that  the  two  currents  unite  with  as  little  eddying 
effect  as  possible.  The  skin  on  all  of  the  concrete  passages  is  as 
smooth  as  could  be  made,  the  three  to  one  mortar  being  carefully 
worked  to  the  surface.  It  is  found  that  the  water  in  the  Kootenay 
River  has  a  tendency  to  coat  immersed  stone  surfaces  with  a  thin 
slime,  and  the  same  attaches  to  concrete,  thus  forming  a  slippery 
surface,  and  this  forms  in  rapidly  running  water  as  well  as  in  still 
water.  This  fact,  however,  though  tending  to  improve  conditions, 
did  not  influence  us  in  using  the  concrete  surfaces  for  draft  tubes, 
as  without  this  natural  protection  we  believe  that,  with  proper 
design  and  material,  the  concrete  will  prove  permanent  and 
efficient  for  this  purpose. 

The  cross  section  (diagram  No.  6)  was  determined  by  fully 
allowing  for  all  strains  in  the  structure  under  maximum  conditions, 
and  all  component  parts  were  designed  to  take  care  of  local  strains 
arising  from  concentration  of  weights. 

The  accessibility  to  the  various  parts  of  the  structure  is 
provided  for  as  already  described.  A  complete  system  of  drainage 
exists,  which  is  indicated  on  the  diagrams. 

Should  the  discs  in  the  oil  "thrust"  bearing  require  renewal, 
there  are  provided  hydraulic  Jacks  located  on  one  of  the  bearing 
girders  and  operated  by  oil,  pressure  being  provided  by  a  pump 
on  the  pump  chamber  floor.  In  operation,  the  oil  is  forced  into 
the  Jacks,  which  raise  the  shaft  and  everything  attached  to  it  as 
high  as  necessary  to  get  at  the  discs  of  the  thrust  bearing,  thus 
avoiding  temporary  dismantling  of  the  machinery,  and  the  lifting 
of  the  shaft  by  the  crane,  which  otherwise  would  be  necessary. 


Mb,  W.  M.  White.— The  question  that  arises  naturally  in  this 
case,  in  regard  to  the  operation  of  the  water  wheels,  is  concerning 
the  variation  in  power  and  efficiency  of  the  turbines,  when  running 
at  a  constant  number  of  revolutions  and  operating  under  varying 
heads  of  water. 

In  order  to  gel  the  maximum  power  fromi  a  turbine  under 
variable  heads,  the  revolutions  should  be  allowed  to  change  to  suit 
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each  particular  head.  As  it  is  impossible  to  follow  out  this  con- 
dition in  practice,  it  is  important  to  know  how  much  the  power 
and  efficiency  of  the  wheel  will  be  affected  by  keeping  the 
revolutions  constant  for  all  heads. 

In  this  particular  case  the  head  varies  about  twenty  feet,  or 
from  50  feet  to  70  feet. 

The  tests  from  which  the  following  curves  were  made  were 
carried  out  by  the  writer. 

Curve  No.  1,  on  Sheet  A,  shows  the  power  which  the  wheel  will 
give  for  heads  varying  from  70  feet  to  zero,  provided  that  the 
revolutions  are  allowed  to  vary  as  the  square  root  of  the  head. 
The  horse  power  of  a  given  wheel  will  vary  as  the  three  halves 
power  of  the  head,  and  the  efficiency  will  remain  constant, 
provided  the  revolutions  are  also  permitted  to  vary  to  best  suit 
the  conditions  of  head. 

Referring  to  Sheet  A,  it  will  be  noted  from  Curve  1  that  at 
the  70  feet  head  the  wheel  would  develop  15,000  H.  P.,  and  fromi 
the  accompanying  Curve  No.  6  it  will  be  seen  that  the  best  speed 
for  the  wheel  under  the  conditions  of  70  feet  head  will  be  111 
revolutions  per  minute.  It  will  also  be  noted  from  Curve  No.  1 
that  under  the  50  feet  head  the  wheel  would  develop  9,150  H.  P. 
if  it  were  run  at  94  revolutions  per  minute.  By  keeping  a  constant 
ratio  between  the  peripheral  speed  of  the  runner  and  the  square 
root  of  the  head,  the  efficiency  of  the  wheel  at  varying  heads  is  not 
changed  for  any  given  setting  of  the  gate.  This  ratio,  which  has 
been  denoted  by  0,  is  usually  about  0.7  for  reaction  wheels. 

In  order  to  properly  utilize  the  output  of  the  wheel,  it  is  neces- 
sary that  the  speed  be  kept  constant.  In  orde^  to  determine  the 
amount,  of  power  that  will  be  lost  by  keeping  the  speed  constant 
while  the  head  varies,  the  curves  on  Sheet  B  were  plotted  from 
actual  observations. 

Curve  No.  1,  Sheet  B,  is  the  full  gate  reading  of  the  10,500 
H.  P.  turbine  which  was  installed  for  the  Shawinigan  Water  and 
Power  Company.  This  wheel  was  designed  for  10,500  H.  P.  when 
working  under  a  head  of  135  feet  and  when  running  at  180  revolu- 
tions per  minute.  The  observations  which  are  plotted  on  this 
curve  were  obtained  by  using  the  generator  as  a  brake  for  the 
wheel,  and  a  water  rheostat  as  a  means  of  loading  the  generator. 
The  speed  was  then  adjusted  to  180  revolutions  per  minute  at  the 
wide  open  gate  and  an  observation  made.  By  varying  the  field  of 
the  generator,  the  speed  of  the  unit  was  varied  without  materially 
affecting  the  power  and  without  moving  the  gates  of  the  wheel. 
Observations  were  made  above  and  below  the  normal  speed  through 
as  wide  limits  as  the  rheostat  in  the  field  circuit  would  permit. 


166  Written  Discussion  on  Power 

The  power  output  was  determined  by  means  of  accurately 
calibrated  electrical  instrum£nts.  The  speed  was  determined  by 
an  accurately  calibrated  tachometer.  The  curves  on  this  sheet  give 
the  relation  between   ^  and  horse  power. 

Referring  back  to  Sheet  a  and  taking  the  50  feet  head  condi- 
tions, we  note  that  for  a  constant  speed  of  107  revolutions  per 
minute  ^  would  have  to  Increase  to  0.8.  By  referring  again  to 
S^ieet  B,  it  is  seen  that  when  ^  was  0.8  with  full  gate  opening,  the 
power  dropped  from  10,600  H.  P.  to  10,250  H.  P.,  or  about  3-3/10 
per  cent.  Reducing  the  power  at  the  50  feet  head  on  Sheet  A, 
Curve  No.  1,  by  3-3/10  per^cent.,  one  obtains  a  point  on  Curve  No. 
2  which  gives  the  actual  power  which  would  be  developed  by  the 
wheel  under  the  50  feet  head,  and  running  at  the  constant  speed  of 
107  revolutions  per  minute.  Curve  No.  2  is  plotted  in  this  manner 
from  Curve  No.  1. 

As  a  check  to  Curve  No.  1,  on  Sheet  B,  are  plotted  Curves  Nos. 
5,  6,  7,  and  8,  all  of  which  were  made  from  actual  observations 
in  the  same  manner  as  Curve  No.  1.  All  of  these  wheels  are 
Francis  inflow,  and  were  designed  for  0  equal  to  0.7,  except  Curve 
No.  6,  which  is  designed  for  <p  equal  to  0.5.  No.  6  is  an  outward 
flow  Fourneyron  wheel.  Curve  No.  5  is  for  a  6,000  H.  P.  wheel 
with  gates  in  the  draft  tubes.  The  shape  of  the  curve  shows  that 
the  gate  was  probably  not  entirely  open  when  the  observations 
were  made. 

On  Sheet  C  are  plotted  eflElciency  curves  which  the  designed 
wheel  would  give  under  varying  heads  and  running  at  a  constant 
number  of  revolutions.  Curve  No.  1  is  an  exact  duplicate  of  the 
efficiency  curve  which  was  obtained  on  a  3,500  horse  power  wheel 
working  under  210  feet  head  and  making  250  revolutions  per 
minute.  The  test  of  this  wheel  was  made  by  the  engineers  oi  the 
Niagara  Falls  Hydraulic  Power  and  Manufacturing  Co. '  The 
observations  were  carefully  made  and  the  results  accurately  deter- 
mined. The  water  flowing  from  the  wheel  was  determined  by 
means  of  a  weir  constructed  in  the  tall-race.  The  weir  was 
arranged  with  end  contractions,  and  the  Francis  formiula  was  used 
in  determining  the  quantity  of  water  flowing.  The  power  output 
of  the  wheel  was  determined  by  using  the  generators  as  a  brake 
on  the  wheels.  The  power  output  from  the  generators  was  deter- 
mined by  accurately  calibrated  electrical  instruments.  The  sum- 
mations of  these  readings,  divided  by  the  efficiency  of  the  gene- 
rator, gave  the  power  output  at  the  flange  coupling  of  the  turbine 
shaft.  The  factory  tests  of  the  efficiencies  of  the  generators  were 
taken  as  correct.  The  wheel  is  of  the  Francis  inflow  type,  with 
double  runners,  fltted  with  movable  guide  vanes. 
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It  will  be  noted  that  the  efficiency  of  the  wheel  reaches  82  .^^ 
per  cent,  at  about  2  power,  the  efficiency  dropping  to  81J  per  cent, 
at  the  wide  open  gate,  and  also  that  the  efficiency  is  very  high  at 
part  load.  This  was  accomplished  in  the  design  of  the  wheel  by 
sacrificing  the  maximum  efficiency,  which  could  be  reached  in 
order  to  obtain  a  higher  efficiency  at  part  loads.  This  curve  is 
taken  as  typical  of  the  efficiency  which  would  be  obtained  by  a 
wheel  when-  working  under  a  65  feet  head.  The  efficiency  curve  of 
the  10,500  H.  P.  wheel  which  was  supplied  to  the  Shawinigan 
Waten  &  Power  Company  gives  higher  results  than  the  curve 
selected,  but  probably  Curve  No.  1  is  the  best  for  our  typical  curve. 

Curve  No.  1  was  plotted  on  Sheet  C  by  assuming  that  at  wide 
open  gate  3,500  H.  P.  corresponded  to  13,000  H.  P.  in  the  designed 
wheel.  The  part  gate  points  of  the  curve  were  obtained  by  pro- 
portion. Curve  No.  3  represents  the  efficiency  and  power  of  the 
wheel  when  working  under  50  feet  head  and  at  94  revolutions  per 
minute. 

Point  X  x>n  this  curve  was  obtained  in  the  following  manner: 
First;  the  power  which  the  wheel  would  give  under  50  feet  head, 
and  revolutions  best  suited,  is  read  on  Curve  No.  1,  Sheet  A.  This 
is' found  to  be  9,150  H.  P.  On  Scale  B,  Sheet  C,  a  line  is  drawn 
from  9,150  H.  P.  to  zero,  forming  Curve  No.  10.  To  find  what  the 
efficiency  would  be  at  8,000  H.  P.  under  the  50  feet  head,  the  point 
is  taken  at  8,000  H.  P.  on  Scale  B,  projected  horizontally  until  it 
intersects  Curve  No.  10,  and  11,800  H.  P.  is  read  on  Scale  A.  The 
point  on  Curve  No.  1,  corresponding  to  11,800  H.  P.,  is  projected 
horizontally  until  it  is  over  8,000  H.  P.  on  Scale  A,  thus  obtaining 
the  point  X  on  Curve  No.  3,  which  reads  the  efficiency  of  the  wheel 
when  developing  8,000  H.  P.  under  the  50  feet  head  and  running 
at  the  revolutions  best  suited,  namely,  94. 

However,  to  run  this  wheel,  as  desired,  at  107  revolutions  per 
minute,  under  all  conditions  of  head,  it  is  necessary  to  correct 
Curve  No.  3  for  the  drop  in  power  and  efficiency  due  to  the  increase 
in  speed. 

Referring  to  Curve  No.  1,  Sheet  A,  it  is  seen  that  the  power 
varies  when  the  speed  varies,  and  in  the  calculations  of  efficiency 
on  Sheet  C,  it  has  been  assumed  that  the  efficiency  varies  directly 
as  the  power.  In  other  words,  that  the  quantity  of  water  does 
not  vary  when  the  revolutions  are  changed  with  the  constant 
setting  of  the  gate.  This  is  not  strictly  true,  however,  but  for  the 
observations  as  plotted  on  Curve  No.  1,  Sheet  B,  the  quantity  of 
water  would  probably  vary  one-half  of  one  per  cent.,  increasing 
as  the  revolutions  decrease,  and  decreasing  as  the  revolutions 
increase  (from  158  to  201). 
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Referring  to  Sheet  A  and  the  50  feet  head,  one  notes  that  when 
the  speed  is  increased  from  the  best  speed  of  94  revolutions  to  the 
desired  speed  of  107  revolutions,  the  power  falls  3-3/10  per  cent, 
and  the  power  and  efficiency  of  the  points  on  Curve  No.  3  are 
decreased  3-3/10  per  cent.,  resulting  in  Curve  No.  2,  which  gives 
the  desired  curve  for  the  operation  of  the  wheel  under  50  feet  head 
and  107  revolutions  per  minute. 

Referring  to  Sheet  B,  Curves  1,  2,  3,  and  4,  it  will  be  noted  that 
the  slope  of  these  curves  between  ^,  equalling  0.7,  and  ^  ,  equalling 
0.8,  is  about  the  same,  and  one  can,  therefore,  reduce  the  power 
and  efficiency  of  the  points  on  Curve  No.  3  by  the  same  percentage, 
namely,  3-3/10  per  cent.  In  this  manner  Curve  No.  2  is  obtained, 
which  gives  the  power  and  efficiency  of  the  wheel  when  working 
under  the  50  feet  head  and  running  at  the  speed  of  107  revolutions 
per  minute.  In  this  manner  Curves  Nos.  5  and  7  are  plotted.  Curves 
Nos.  4  and  6  being  deduced  therefrom  respectively.  In  the  same 
manner  Curve  No.  9  is  plotted  and  Curve  No.  8  deduced  therefrom. 
It  will  be  noted  that  Curve  No.  8  lies  on  the  opposite  side  of  the 
parent  curve  to  that  of  the  other  curves.  Curve  No.  8  crosses 
Curve  No.  9  at  13,500  H.  P.  on  Scale  A,  and  beyond' this  point 
would  drop  below  Curve  No.  9.  The  reason  Curve  No.  8  falls  to  the 
left  of  Curve  No.  9,  and  shows  greater  efficiency  at  part  gate  for 
the  70  feet  head  is,  because  when  ^  changes  from  0.7  to  0.65  (on 
Sheet  B),  the  partial  gate  curves  Nos.  2,  3,  and  4,  Sheet  B,  show 
the  increase  in  power  and  efficiency.  These  points,  however,  cannot 
be  very  definitely  determined,  but  it  does  show  that  it  is  correct 
to  assume  that  the  designed  wheel  working  under  the  head  of  70 
feet  and  running  at  107  revolutions  will  show  higher  percentage 
of  efficiency  at  part  gates  than  when  running  at  the  65  feet  head 
and  the  same  powers. 

The  curves  on  Sheet  C  show  that  the  efficiency  is  i>s4p  seriously 
affected  by  keeping  the  speed  of  the  wheel  constant  under  the 
varying  conditions  of  head.  They  do  show,  however,  tha)?.the  pgyer 
is  seriously  affected  under  the  varying  head.  The  endings  oi  the 
various  curves  show  the  maximum  power,  as  read  on  Scale  A, 
which  the  wheel  will  give  under  that  head. 

These  curves,  therefore,  give  the  performance  of  the  wheel 
when  running  at  a  constant  number  of  revolutions  and  working 
under  varying  heads  from  50  to  70  feet.  The  curves,  of  course,  are 
not  absolutely  correct.  They  show,  however,  fairly  accurately,  the 
amount  of  variation  in  efficiency  and  power  which  may  be  expected 
from  the  actual  conditions  obtained  with  the  proposed  wheel  under 
the  head  for  which  it  was  designed. 
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DISCUSSION    OF,    DESIGN,    AND    SPECIFICATIONS    FOR    A 
REINFORCED    CONCRETE    BRIDGE    ABUTMENT. 

By  T.  M.  Fyshe,  S.  Can.  Soc.  C.  E. 

The  past  few  years  have  seen  a  tremendous  growth  in  the  use 
of  concrete,  plain  and  reinforced.  One  has  only  to  look  at  the 
remarkable  growth  of  the  Portland  Cement  Industry,  both  in  the 
United  States  and  in  Canada,  to  realize  this  fact.  Cements  have, 
of  course,  been  known  for  a  very  long  time,  but  within  the  past 
twenty-five  years  the  cost  of  the  manufacture  of  Portland  Cement 
has,  through  a  great  deal  of  scientific  study,  been  very  much 
reduced,  and  at  the  same  time  the  quality  and  uniformity  of  the 
cement  have  been  greatly  improved.  These  facts  in  a  large  degree 
account  for  the  great  increase  in  its  consumption. 

With  the  increase  in  the  use  of  Portland  Cement  Concrete, 
the  study  of  its  qualities  has  gone  hand  in  hand.  The  use  of 
steel  to  overcome  the  inability  of  concrete  to  resist  tensile  stresses 
was  a  remarkable  discovery.  This  combination  of  concrete  and  steel 
is  made  possible  by  the  fortunate  coincidence  of  their  coeflicients  of 
expansion  and  contraction.  It  virtually  gave  the  world  a  new 
material,  steel  concrete,  the  possibilities  of  which,  with  further 
study  and  knowledge,  will  certainly  be  very  great. 

In  the  use  of  every  new  material  mistakes  are  bound  to  occur, 
sometimes  through  lack  of  knowledge,  sometimes  through  care- 
lessness or  through  attempts  at  the  impossible.  These  failures 
should  not  discourage  the  use  of  reinforced  concrete  when  care- 
fully and  conservatively  applied  by  one  who  has  sufficient 
knowledge  of  its  possibilities. 
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One  of  the  greatest  fields  for  the  use  of  reinforced  concrete 
has,  so  far,  been  its  application  to  railway  structures,  such  as 
retaining  walls,  culverts,  abutments,  bridges,  buildings,  etc.  It 
is  peculiarly  adapted  to  these  purposes  for  the  following  reasons: 

1st.    It  is  more  economical  than  solid  masonry  or  concrete. 

2nd.  It  is  more  durable;  for  concrete,  properly  reinforced,  can 
stand  all  stresses,  including  temperature  and  shrinkage  stresses, 
without  cracking;  and  steel,  protected  by  concrete,  is  rust  proof. 

3rd.    It  is  fireproof. 

4th.  There  is  practically  no  maintenance  cost,  since  the  concrete 
improves  rather  than  deteriorates  with  age. 

5th.  It  is  a  material  in  which  the  stresses  can  be  accurately 
determined,  and  is  in  consequence  of  greater  reliability  than 
masonry. 

6th.  Its  erection  requires  very  little,  if  any,  skilled  labour,  and 
any  form  of  construction  can  be  employed  without  shop-work,  the 
only  materials  necessary  being  timber  for  forms,  materials  for 
concrete,  and  steel  bars. 

The  introduction  of  any  new  material,  of  course,  depends  upon 
its  initial  cost;  the  more  economical  it  Is,  the  more  general  its  use 
will  become.  For  this  reason  reinforced  concrete  has  already  been 
used  extensively  by  railroads  in  the  United  States,  principally  in 
the  West.  A  knowledge  of  its  properties  is,  of  course,  necessary, 
the  lack  of  which,  and  a  natural  conservatism,  make  some  engineers 
reluctant  to  give  it  their  unqualified  recommendation.  With  the 
great  increase  in  its  use  and  the  greater  knowledge  thus  being 
gathered  every  day,  it  will  not  take  very  long  before  reinforced 
concrete  will  be  everywhere  recognized  as  a  standard,  form  of 
construction. 

The  abutment  described  in  the  following  paper  was  designed  by 
the  writer  in  order  to  compare  it  with  a  standard  abutment  ot 
plain  concrete  made  by  the  National  Transcontinental  Railway 
CJommlssion.  The  end  in  view  was  to  show  the  greater  economy  of 
material  effected  by  the  use  of  concrete  reinforced.  The  design  is 
detailed  in  the  attached  drawings,  and  specifications  covering  the 
reinforced  work  have  also  been  added. 

Before  proceeding  with  the  design,  it  will  be  necessary  to  devote 
a  few  words  to  the  formulae  employed  and  the  assumptions  made. 
The  whole  design  really  resolves  itself  into  the  solution  of  beams 
and  cantilevers,  thus  making  necessary  the  use  of  some  theory  of 
flexure  for  reinforced  concrete  beams.  There  are  a  great  many  of 
these  theories  differing  from  one  another  in  several  respects.  The 
majority  of  these  theories  are  what  may  be  termed  straight  line 
formula?.   These  are  nothing  more  than  approximations,  or  empirical 
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formulae,  for  they  assume  a  constant  modulus  of  elasticity  for  con- 
crete in  compression,  whereas  this  modulus  is  a  variable  decreasing 
with  increasing  stress.  In  the  formulse  employed  in  this  discussion 
a  parabola  is  assumed  as  the  compression  curve  of  concrete.  There 
are  two  main  groups  of  formulae:  those  attempting  to  represent 
the  condition  of  the  beam  under  working  conditions  and  working 
stresses,  and  from  these  assumptions  arriving  at  the  safe  load  that 
any  beam  can  carry;  and  those  representing  the  beam  at  its  ulti- 
mate carrying  capacity  and  hence  at  ultimate  stresses,  and  from 
these  assumptions  arriving  at  the  load  which  will  cause  any  beam 
to  fail,  and  then  by  the  application  of  a  safety  factor  to  this  load, 
determining  the  safe  load  to  which  the  beam  may  be  subjected. 
When  straight  line  formulae  are  used,  that  is,  when  it  is  assumed 
that  the  rate  of  strain  or  deformation  of  any  fibre  is  directly  pro- 
portional to  its  distance  from  the  neutral  axis,  and  that  concrete  in 
compression  has  therefore  a  constant  modulus  of  elasticity,  the  area 
of  compression  may  be  represented  as  a  triangle. 

Providing  the  assumptions  were  correct,  it  would  follow  then 
that  the  condition  of  a  beam  under  working  conditions  would  be 
represented  by  substituting  in  a  formula  working  stresses  based 
on  the  ultimate  stresses  allowable  in  the  materials  used.  In  other 
words,  the  compression  area  at  any  working  stress  would  be  in  the 
same  proportion  to  the  compression  area  at  ultimate  stress  as  the 
assumed  working  stress  to  the  ultimate  stress. 

It  has,  however,  been  now  established  without  doubt  that  the 
assumption  of  a  uniform  modulus  of  elasticity  for  concrete  in  com- 
pression is  incorrect.  The  stress-strain  curve  cannot  correctly  be 
represented  by  a  straight  line.  Some  other  curve  must  be  assumed, 
and  a  parabola  has  been  generally  chosen  as  the  closest  approxima- 
tion. It  cannot  be  denied  that  with  the  use  of  straight  line  or 
empirical  formulae,  safe  designs  may  be  made,  but  It  must  appeal 
to  every  engineer  that  a  formula  representing  conditions  as  clearly 
as  possible  is  much  more  desirable.  When  such  a  formula  is 
derived,  based  on  the  assumption  of  a  variable  modulus  of  elas- 
ticity, the  use  of  working  stresses  in  connection  with  it  must  be 
condemned,  principally,  because  at  present  there  are  in  existence 
very  few  data  on  the  condition  of  beams  under  ordinary  working 
conditions.  Nearly  all  the  tests  up  to  date  have  been  to  destruc- 
tion, and  from  these  the  ultimate  strength  of  beams  is  fairly  well- 
known.  Secondly,  assuming  a  parabola  or  any  other  curve  except- 
ing a  straight  line  as  the  stresg-strain  curve  of  concrete,  the  ratio 
of  the  area  of  the  ultimate  compression  curve  to  the  area  of  the 
compression  curve  for  any  working  fibre  stress  cannot  be  the  same 
as  the  ratio  of  ultimate  stress  to  working  stress.    These  ratios  must 
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y2SY  as  some  function  of  the  second  or  third  power  according  to 
the  equation  of  the  curve  assumed.  The  assumption  of  working 
stresses  in  a  case  like  this  will  therefore  naturally  not  give  the 
required  factor  of  safety,  and  in  some  cases  not  even  be  a  possible 
condition;  that  is,  the  assumed  stresses  in  the  steel  and  concrete 
may  never  occur  together.  From  the  above  it  would  seem  to  be  far 
more  consistent  and  conservative,  until  further  knowledge  on  the 
subject  has  been  gained,  to  base  formulse  on  the  ultimate  strength 
of  the  concrete  and  the  elastic  limit  of  the  steel,  applying  the 
factor  of  safety  to  the  loads. 

Formulae  can  further  be  divided  into  two  groups,  those  basing 
the  ultimate  strength  of  a  beam  on  the  ultimate  strength  of  the 
steel,  and  those  basing  the  ultimate  strength  on  the  elastic  limit  of 
the  steel.  When  calculations  for  the  strength  of  beams  were  first 
made,  it  was  naturally  assumed  that  the  working  stress  allowable 
in  the  steel  was  some  factor  of  its  ultimate  strength.  Closer 
inspection  and  study  of  tests  made  this  very  doubtful.  It  is  readily 
seen  that,  when  steel  is  strained  beyond  the  elastic  limit,  the 
bond  between  concrete  and  steel  is  destroyed,  due  to  the  reduction 
of  the  cross-section  of  the  steel.  If  the  bond  is  one  of  adhesion 
only,  it  is  unquestionably  destroyed;  if  the  bond  is  a  mechanical 
one,  there  remains,  of  course,  much  resistance  to  slipping,  but 
the  beam  is  seriously  weakened.  The  best  description  of  the  condi- 
tion of  a  test  beam  at  this  point  has  been  given  by  Prof.  A.  H. 
Talbot,  of  the  University  of  Illinois,  in  his  bulletin  of  September. 
1904,  discussing  results  of  tests  carried  on  under  his  supervision  at 
the  engineering  station  of  the  University.  Prof.  Talbot  says  in 
discussing  beams  reinforced  with  sufficient  steel  to  take  all  tensile 
stresses:  "The  maximum  load  averaged  about  C%  more  than  the 
load  at  the  yield  point  of  the  metal.  It  would  seem  then  that  for 
beams  not  having  an  excess  of  metal,  the  maximum  load  is  nearly 
reached  when  the  steel  is  stressed  up  to  its  yield  point,  and  that 
the  load  at  the  yield  point  of  the  metal  may  be  properly  taken  as 
the  ultimate  strength  of  the  beam.  It  seems  also  true  that  the 
load  which  will  stress  the  steel  to  its  elastic  limit,  may  be  cal- 
culated by  using  the  elastic  limit  of  the  naked  steel  for  the  tensile 
stress  in  the  beam,  and  neglecting  tension  in  the  concrete." 

What  probably  does  occur  in  a  beam  when  the  elastic  limit  of 
the  steel  is  reached  is  that,  owing  to  the  rapid  extension  of  the 
steel,  the  neutral  axis  rises  and  the  beam  fails  by  compression  of 
the  extreme  fibres  of  the  concrete.  For  the  above  reasons,  a 
formula  in  this  discussion  has  been  adopted  which  represents  the 
ultimate  strength  of  a  beam  at  the  point  where  the  steel  reaches  its 
elastic  limit. 
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A  great  deal  of  work  has  been  designed,  using  steel  which  has 
an  ultimate  strength  of  say  64,000  lbs.  per  square  inch,  and  using 
a  working  stress  of  16,000  lbs.,  the  designer  thinking  he  has  a 
factor  of  safety  of  4.  The  real  factor  of  safety  accepting  the  fore- 
going conclusions  is  only  2,  as  the  elastic  limit  of  the  above  steel 
would  average  32,000  lbs.  That  these  conclusions  are  correct,  is 
pretty  well  conceded  by  all  authorities  in  the  United  States  at 
present,  yet  a  great  deal  of  work,  designed  as  above  stated,  is 
still  being  done.  This,  of  course,  can  only  be  to  the  detriment 
of  reinforced  concrete,  and  be  the  cause  of  unnecessary  failures. 

/*ormt«Za.— The  formula  which  these  calculations  lire  based  upon 
depends  on  the  following  assumptions: 

The  sections  plane  before  bending  are  plane  after  bending. 

Total  tension  must  equal  total  compression,  thus  fixing  the 
neutral  axis. 

The  stress  strain  curve  is  a  parabola,  or  in  other  words,  the 
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compression  stresses  vary  as  the  ordinates  to  a  parabola,  whnse 
vertex  is  either  at  the  top  of  the  beam  or  above  it.  It  is  also 
assumed  that  the  concrete  is  subjected  to  tensile  stress  from  the 
neutral  axis  to  a  point  in  the  section  where  the  elongation  is  the 
same  as  that  developed  by  a  plain  beam  in  cross  bending.  This 
tensile  value  of  the  concrete  is  only  assumed  to  make  the  formula 
as  nearly  correct  theoretically,  as  possible — it  has  very  little  effect 
on  the  size  of  beam  and  amount  of  steel — less  than  1%  in  fact. 
To  obtain  an  equation  for  a  parabola  that  would  represent  the 
variations  of  the  modulus  of  elasticity  of  the  concrete,  it  was 
considered  that  the  modulus  at  rupture,  was  two-thirds  the  initial 
modulus,  and  that  the  resulting  parabola  represents  closely  the 
actual  stress-strain  diagram. 

This  formula  is  only  applied  to  the  ultimate  strength  of  the 
beam,  reinforced  with  what  may  be  termed  the  critical  percentage 
of  steel.    This  percentage  is  such  that  when  the  steel  reaches  its 
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elastic  limit,  the  compresBlve  stress  on  the  extreme  fibre  of  the 
concrete  becomes  its  ultimate  strength. 

The  compressive  and  tensile  areas  are  calcuiated,  and  the  com- 
pressive and  tensile  stresses  are  equated.  The  moment  of  resistance 
Is  found  by  taking  moments  about  the  centre  of  gravity  of  the 
compressive  stresses,  giving  the  following  general  equation: 

Where 

If ^  =  resisting  moment  of  beam  (ultimate). 
|i  =  ratio  of  reinforcement  In  terms  of  b  d. 
<^  =  ^1  + 1^2  effective  depth  of  beam. 
&  =  width  of  beam. 

F  =  elastic  limit  of  steel  in  iK>unds  per  square  Inch. 
Z  =  distance  from  extreme  fibre  in  compression  to  centre  of  gravity 

of  compression  area. 
Vj  =  distance  from  neutral  axis  to  extreme  fibre  In  compression 

2  A 
E  c=  Initial  modulus  of  elasticity  of  concrete  In  compression. 
At  =unit  elongation  of  concrete  in  tension  at  rupture. 
A.^  =  unit  elongation  of  concrete  in  compression  at  rupture. 

The  above  formula  may  seem  rather  complicated,  but  for  any 
ultimate  strength  of  concrete  and  elastic  limit  of  steel  It  can 
be  reduced  to  simpler  ones,  making  the  solution  of  beams 
comparatively  easy. 

In  the  following  calculations  it  is  assumed  that  average  rock 
concrete  is  to  be  used.  The  ultimate  strength  of  this  concrete  In 
compression  is  taken  at  2,000  pounds  per  square  Inch  In  cross  bend- 
ing, and  the  initial  modulus  of  elasticity  Is  taken  at  2,600,000.  These 
are  conservative  values  for  a  mixture  of  1  part  Portland  cement, 
3  parts  sand,  and  6  parts  broken  stone.  For  the  steel  the  modulus 
of  elasticity  was  assumed  as  29,000,000,  and  the  elastic  limit  at 
55,000  pounds  per  square  inch.  From  the  general  formula  the 
following  can  be  derived  using  these  constants: 

y,   =  .3782  d      ^  If  ^  =  12  f  ^^   ^  ^^^  ^ 

g     =  .0O78.J  bd   '  and€  =  ^^  -|  g     =  .08478  h  =  .7065%  of  cross-eection. 
ifo  =  376  b  d''      I  we  have     I  ^^o  =    ^^'>o  h\     h  =  0.01654  v  iZT 
where  q  —  area  of  metal. 


for  a  Reinforced  Concrete  Bridge  Abutment  179 

From  these  a  table  has  been  arranged  from  which  the  reinforce- 
ment necessary  for  any  size  of  beam  can  be  easily  determined. 

Steel.^lt  will  be  noticed  from  the  above  that  steel  with  an  elastic 
limit  of  50,000  pounds  per  square  inch  has  been  employed  in  this 
design.  It,  of  course,  stands  to  reason  that  as  the  ultimate  strength 
of  the  beam  depends  on  the  elastic  limit  of  the  steel,  the  higher 
this  elastic  limit  is  the  more  economical  it  will  be. 

To  the  use  of  high  carbon  or  high  elastic  limit  steel  the  objec- 
tions may  be  made  that  it  is  not  reliable,  and  that  its  full  value 
may  not  be  developed  owing  to  insufficient  adhesion. 

Several  years  ago  it  was  thought  that  economy  could  be  effected 
by  employing  high  carbon  steel  for  bridge  work.  It  was  found, 
however,  that  owing  to  punching  and  the  irregular  stresses  pro- 
duced in  plates  and  structural  shapes,  high  carbon  steel  was 
unreliable.  For  this  reason  some  engineers  condemn  its  use  for 
reinforced  concrete.  It  should  be  remembered,  though,  that  in 
this  class  of  work  there  is  no  punching  of  the  steel  necessary.  The 
stresses  in  the  steel  are  nearly  all  tensile,  and  the  ability  of  the 
steel  to  safely  withstand  them  has  been  proven  many  times  over. 
Shearing  stresses  need  never  be  considered  either,  as  they  are 
always  far  within  the  shearing  strength  of  the  steel. 

The  steel  considered  in  these  designs  is  the  Johnson  Corrugated 
Bar,  which  has  an  elastic  limit  of  50-6,500  pounds  per  square  inch, 
and  an  ultimate  strength  of  90-100,000  pounds.  Large  quantities 
of  this  material  have  been  turned  out,  and  in  no  case  has  it  been 
found  to  be  unreliable. 

The  objection  that  adhesion  may  not  be  sufficient  to  develop 
the  full  strength  necessary  of  high  elastic  limit  steel,  is  easily 
overcome  by  furnishing  a  suitable  mechanical  bond.  An  intimate 
union  or  bond  between  concrete  and  steel  is  of  first  importance, 
especially  as  failure  of  bond  or  lack  of  it  may  often  have  disastrous 
effects.  Plain  round  or  square  bars  depend  on  adhesion  for  the 
union  of  steel  and  concrete.  This  adhesion  is  partly  due  to  fric- 
tion, but  chiefly  to  a  mechanical  bond,  formed  by  the  grout  of  the 
concrete  entering  into  the  irregularities  on  the  surface  of  the  bar. 
There  are  three  influences  affecting  the  adhesion  and  making  a 
mechanical  bond  advisable:  first,  water  percolating  through  the 
concrete  (no  concrete  is  perfectly  watertight)  has  been  proven  to 
reduce  the  bond  between  I  and  §;  second,  reinforcing  bars  when 
stressed,  even  within  their  elastic  limit,  must  have  their  cross- 
section  slightly  reduced,  and  any  shrinkage  of  the  cross-section 
of  the  metal,  however  slight,  is  sufficient  to  materially  affect  the 
adhesion,  inasmuch  as  the  adhesion  consists  principally  in  the  enter- 
ing of  the  cement  particles  into  the  pores  on  the  surface  of  the 
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metal.  If  the  metal  has  a  working  stress  of  15,000  lbs.  per  square 
inch,  then  the  proportionate  elongation  is  .0005  per  unit  of  length, 
with  a  decrease  in  diameter  of  practically  one-half  or  .00025,  by  uo 
means  a  negligible  quantity. 

Finally  vibrations  and  shocks  have  also  been  proven  to  atCect 
the  adhesion.  This  last  would  alone  waft-ant  the  adoption  of 
mechanical  bond  reinforcement  for  railroad  structures.  To  the 
above  reasons  may  be  added  the  many  chances  of  bars  being  dis- 
turbed in  partially  set  concrete  during  construction.  From  the 
foregoing  it  would  seem  wise  to  adopt  a  style  of  reinforcement  with 
a  suitable  mechanical  bond. 

In  this  design  the  Johnson  Corrugated  Bar  is  specified,  as  it 
has  the  highest  efBlciency  of  mechanical  bond  of  any  bar  manu- 
factured, its  power  of  adhesion  averaging  about  2.8  times  that  of 
a  plain  bar  of  equal  cross-section.  It  is  in  form  of  a  square  bar 
with  alternate  indentations  so  arranged  that  the  bar  is  of  uniform 
cross-section.  The  sides  of  these  indentations  are  at  an  angle  to 
the  bar  greater  than  the  angle  of  slip  of  the  concrete,  making  it 
necessary  to  shear  the  concrete  along  all  sides  of  the  bar  before 
the  bond  is  destroyed.  As  before  stated,  it  is  rolled  from  nigh 
carbon  steel  with  an  elastic  limit  between  50,000  and  65,000  pounds 
per  square  inch,  and  an  ultimate  strength  of  90,000  to  100,000 
pounds.  It  has  been  extensively  adopted  as  a  standard  reinforcing 
material  by  railroads  in  the  United  States,  such  as  the  Chicago, 
Burlington  and  Quincy,  the  Wabash,  the  Chicago,  Milwaukee  and 
St.  Paul  (this  road  made  a  series  of  tests  with  all  kinds  of  rein- 
forcing material  before  adopting  any  particular  standard;  see  paper 
by  J.  J.  Harding,  Engineering  Neics,  February  15,  1906),  Illinois 
Central,  Kansas  City,  Mexico  and  Orient,  and  many  others. 

General  Conditions. — The  general  dimensions  for  the  following 
design  were  taken  from  the  set  of  Standard  Abutments  of  the 
National  Transcontinental  Railway  Commission,  which  were  very 
kindly  furnished  the  writer  by  Mr.  H.  D.  Lumsden,  Chief  Engineer. 

A  rather  high  abutment  was  chosen  as  the  economy  of  rein- 
forced-concrete  construction  increases  with  the  height  of  the 
structure.  The  distance  from  ground  level  to  sub-grade  was  taken 
at  50'  1",  the  span  allowed  for  is  a  100-foot  deck  plate  girder  with 
the  girders  9'  0"  centre  to  centre,  and  the  same  width  and  depth 
of  bridge  seat  was  allowed  as  that  shown  on  the  standards  referred 
to.  The  distance  from  the  groundline  to  the  bottom  of  the  founda- 
tions was  assumed  as  5  feet,  as  shown  on  the  standard  plan,  but 
this  distance  is,  of  course,  an  assumption.  It  depends  entirely  on 
local  conditions,  and  would  vary  accordingly.  The  wing  walls  of 
the  abutment  slope  back  at  an  angle  of  OO**  to  the  track.    These 
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walls  are  stopped  at  a  height  from  which  a  li  to  1  slope  will  fall 
inside  the  line  tangent  to  the  face  wall  of  the  abutment  at  the 
ground  line.  This  is  the  only  point  of  difference  from  the  standard 
plan.  In  it  the  wing  walls  are  run  out  to  a  height  of  4'  0"  above 
the  groundline.  This  seems  hardly  necessary,  as  by  the  former 
method  a  clearance  equal  to  that  between  the  two  face  walls  is 
maintained,  which  in  most  cases  will  be  all  that  is  necessary.  An 
allowance  for  this  reduction  in  quantity  has  been  made  in  the 
comparison  of  quantities  and  cost  further  on. 

In  the  following  discussion  the  general  methods  and  assump- 
tions for  designing  all  parts  of  the  abutment  have  been  given. 
Although  the  whole  has  been  worked  out  in  detail,  in  order  to 
make  a  proper  detail  drawing,  where  calculations  of  the  same 
nature  are  necessary,  more  than  once  they  have  not  been  carried 
out  in  the  discussion. 

Foundations. — From  the  diagrams  of  sections  on  sheet  3  will 
be  seen  that,  owing  to  height  of  the  abutment,  the  resulting  soil 
pressures  are  so  great  that  in  most  cases,  unless  the  foundation 
consisted  of  cemented  gravel  or  rock,  pile  foundations  would  have 
to  be  used.  Therefore,  in  order  to  make  this  design  as  modern  tis 
possible,  the  use  of  concrete  piles  for  this  purpose  will  first  be 
considered.  The  use  of  concrete  piles  may  not  in  all  cases  be 
economical,  especially  in  localities  where  good  timber  piles  are 
available  and  not  too  expensive.  In  a  majority  of  cases,  however, 
their  use  will  be  found  satisfactory  where  the  following  conditions 
obtain:  where  timber  piles  are  scarce  and  consequently  expensive, 
where  the  distance  between  low  water  line  and  ground  level  at 
face  of  abutment  is  considerable,  and  when  a  concrete  pile  is  used 
that  gives  a  bearing  capacity  much  larger  than  that  of  an  ordinary 
wooden  pile.  Such  a  pile  is  obtained  when  driven  by  what  is 
called  the  Raymond  System.  It  must  be  remembered  that  nearly 
all  cases  where  pile-driving  is  necessary  differ  from  one  another, 
and  that  the  exact  number  of  piles  used  for  any  foundation  is, 
of  course,  always  determined  on  the  ground,  so  that  only  a  genenil 
discussion  can  here  be  introduced. 

Raymond  piles  are  of  the  following  sizes: 

20  feet  long,  20  inches  diameter  at  top,  6  inches  at  the  point. 
25     "        "      20      "  "  "  8      " 

30    "        -      20      "  "  "  8      " 

35    "        "      18      "  "  "  8 

40    "        "      18      "  "  "  8      " 
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The  method  of  driving  and  making  these  piles  is  briefly  as 
follows: 

A  collapsible  steel  core  of  a  conical  shape  corresponding  to  the 
above  dimensions  is  encased  with  a  thin,  tight-fitting  sheet  iron 
shell,  generally  No.  20  gauge.  This  core  and  its  casing  are  driven 
to  the  required  depth  by  an  ordinary  pile-driver.  The  core  is  so 
constructed  that  when  the  driving  is  completed,  it  is  collapsed  by 
a  system  of  wedge  surfaces,  and  is  easily  withdrawn  from  its 
casing,  leaving  it  in  the  ground  as  a  form  for  the  concrete,  and 
preventing,  the  earth  from  closing  up  the  hole  made.  The  casing 
is  then  filled  up  with  Portland  Cement  Concrete. 

The  advantages  of  this  system  of  piling  are: 

1.  The  use  of  a  shell  or  form  for  each  pile. 

2.  The  tapering  shape  of  the  pile. 

3.  The  ease  of  reinforcement. 

4.  The  fact  that  the  concrete  is  not  subject  to  blows  and  shocks 
from  driving. 

The  shell  protects  the  green  concrete  against  quicksand  and  mud, 
etc.,  and  makes  it  possible  to  ascertain  that  every  hole,  and  therefore 
every  pile,  is  perfect. 

The  tapering  shape  effects  an  economy  in  the  number  of  feet  of 
piling  necessary,  producing  a  greater  bearing  capacity.  As  it  is 
driven  into  the  ground,  it  drives  harder  with  each  blow  since  it  has 
to  increase  the  size  of  the  hole  for  the  entire  distance  of  its  pene- 
tration into  the  ground.  It  thus  takes  advantage  of  the  full  bearing 
power  of  the  soil.  The  absence  of  driving  on  the  concrete  is  also 
to  be  commended  as,  when  driven,  concrete  piles  cannot  stand  a 
hard  blow  of  the  hammer  without  fracture. 

It  is  very  difficult  to  say  exactly  what  load  these  piles  will 
safely  carry,  all  the  tests  made,  however,  would  indicate  that  they 
will  bear  from  2  to  3  times  as  much  as  an  ordinary  wooden  pile. 

In  the  Engineering  Record  of  March  4th,  1905,  is  a  paper  by  W.  R. 
Harper,  on  tests  made  on  some  Raymond  piles  driven  for  the 
rebuilding  of  the  Naval  Academy  of  Annapolis,  Md.  A  test  pile 
22i  feet  long  with  16  inch  diameter  at  the  top  and  6  inch  diameter 
at  the  bottom  was  driven  and  penetrated  the  distance  of  1"  for 
eight  blows  of  a  3,000  pound  steam  hammer.  Loaded  with  41  tons 
it  showed  a  settlement  of  3/32",  increasing  to  7/64"  in  10  days. 
Further  loading  to  61  tons  showed  a  settlement  of  7A6''.  and  when 
the  load  was  removed  the  pile  rose  i",  making  a  total  settlement 
of  5/16".  This  rise  was  attributed  to  the  elasticity  of  the  soil. 
This  pile  was  driven  in  soil  reclaimed  from  the  River  Severn.  On 
consideration  of  all  the  data  at  hand,  a  safe  load  of  30  tons  per 
pile  has  been  allowed  in  the  design,  the  piles  teking  the  total  load. 
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The  economy  in  the  use  of  these  piles  lies  in  the  fact  that  fewer 
lineal  feet  of  piling  are  used,  and  there  is  a  great  saving  generally, 
in  excavation  tind  masonry,  as  the  tops  of  these  piles  do  not  have 
to  be  placed  below  low  water  line. 

Datif/n.— In  general  the  abutment  has  been  designed  as  follows: 
The  base  is  about  j^  the  height.  This  dimension  is  greater  than 
the  4/10  usually  allowed  for  solid  masonry  abutments,  and  therefore 
makes  the  structure  much  more  stable.  This  extension  of  base 
is  also  very  easily  obtained  without  much  extra  cost.  Two  main 
buttresses  support  the  bridge  seat  and  are  placed  directly  under- 
neath the  centres  of  bearing  of  the  girders.  A  face  wall  connects 
these  buttresses  to  take  care  of  horizontal  earth  pressures  and  live 
load  pressures  transmitted  through  the  earth.  The  face  wall 
supported  by  buttresses  is  continued,  forming  the  wing  walls.  The 
buttresses  and  face  wall  rest  on  a  continuous  base  which  resists 
the  earth  pressures.  At  the  back  of  the  bridge  seat  is  a  parapet 
wall  supported  by  buttresses  which  runs  into  the  wing  walls.  The. 
face  wall  Is  thoroughly  tied  to  the  buttresses  by  reinforcing  bars. 
As  the  height  of  this  abutment  is  considerable  and  the  resultant 
horizontal  thrust  would  therefore  be  large,  a  shelf  has  been  placed 
between  the  four  centre  buttresses  to  reduce  the  overturning 
moment.  This  makes  somewhat  more  material,  but  effects  an 
economy  by  reducing  the  extreme  soil-pressures  and  the  stesl 
necessary  in  the  buttresses  to  withstand  the  overturning  moment. 

The  stability  of  the  abutment  has  been  examined  at  the  but- 
tresses A,  B,  C,  and  E.  The  resultant  pressure  lines  and  soli 
pressures,  etc.,  for  these  sections  are  shown  on  sheet  3  of  attached 
drawings.  The  formula  used  for  determining  stresses  in  earthwork 
is  Rankine's,  principally  because  it  is  the  safest  formula  giving 
beyond   doubt  pressures   in   excess  of  actual  working  conditions. 

Let   P:=  resultant  horizontal  pressure  on  wall  in  pounds. 

p  =  pressure  per  square   foot   of   horizontal   pressure  on  wall 

in  pounds. 
TF  =  weight  of  earth  per  cubic  foot 
fe  =  height  of  wall, 
o  =  angle  of  surface  of  backfilling. 
^=:  angle  of  repose  of  material 
then  at  any  height  h: 

p  _   W  h^  Cos  e.-   »Jcos''  9  -  c'o^^» 

2"~  ^^^  ^  Cose  +  K^Cos*  Q  -  Com*  ^ 

In  this  discussion  the  worst  condition  was  assumed,  i.e.,  that  the 
line  of  cleavage  of  the  material  behind  the  wall  is  a  slope  of  30'' 
to  the  horizontal,  or  that  o  =30*. 
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At  the  top  of  the  embankment  B  is  of  course  =  0°;  this,  although 
perhaps  not  quite  correct,  was  also  assumed  at  the  other  secuons 
on  account  of  shortening  the  work  necessary. 

The  above  formula  then  becomes— 

to  h^      ,  w  h 

or  the  horizontal  pressure  per  square  foot  at  any  depth  on  the  faoe 
wall  of  the  abutment  is  one-third  of  the  vertical  pressure  per  square 
foot  at  the  same  point.  This  assumption  was  also  made  figuring 
the  live  load  pressures  on  the  abutment. 

In  examining  the  section  at  buttress  "A"  two  cases  were  worked 
out.  First,  the  bridge  was  considered  fully  loaded  with  no  live  load 
on  the  track  behind  the  abutment;  second,  the  bridge  was  fully 
loaded  together  with  a  live  load  of  10,000  lbs.  per  lineal  foot  of 
track  behind  the  abutment.  The  total  dead  load  of  the  girder  span 
was  assumed  as  200,000  pounds,  and  the  live  load  of  the  span 
fully  loaded  as  610,000  pounds,  making  a  load  on  each  main  but- 
tress of  202,500  pounds.  The  live  load  of  10,000  pounds  per  lineal 
foot  of  track  was  considered  distributed  over  18  feet,  giving  a 
vertical  intensity  of  555  pounds  per  square  foot,  and  a  horizontal 
intensity  of  185  pounds  per  square  foot.  The  shelf  between  the 
buttresses  was  considered  to  relieve  the  wall  from  the  effects  of 
the  live  load  below  it,  and  to  reduce  the  intensity  of  the  earth 
pressure.  The  horizontal  pressure  below  the  shelf  was  .figured  as 
the  same,  due  to  a  height  of  earth  equal  to  the  height  of  the  shelf 
above  the  base.  Of  the  2  cases  considered  at  buttress  "A,"  the 
second  gave  a  greater  extreme  soil  pressure,  namely,  11,590  lbs. 
per  square  foot.  The  resultant  pressure  line,  however,  intersects  the 
base  inside  of  the  middle  third.  Referring  to  thid,  another  advan- 
tage of  reinforced  concrete  walls  is  obvious.  As  they  are  capable  of 
taking  tensile  stresses,  it  is  not  of  such  importance  as  in  plain 
masonry  that  the  resultant  pressure  line  should  intersect  the  base 
within  the  middle  third.  All  that  has  to  be  taken  care  of  is  that 
the  extreme  soil  pressure  does  not  exceed  the  safe  allowable  bearing 
capacity  of  the  foundation  soil. 

Sections  at  buttresses  B,  C,  and  E  were  examined  in  a  similar 
manner  to  the  one  mentioned.  It  was  assumed  that  the  live  load 
would  not  have  any  effect  beyond  the  buttresses  "B"  so  that  at 
"C"  and  "E."  earth  pressures  were  alone  figured  on.  It  will  be 
noticed  that  in  these  other  sections  the  resultant  pressure  line  does 
not  intersect  the  base  within  the  middle  third,  but  as  the  soil  pres- 
sures do  not  exceed  the  maximum  at  buttress  "A,"  it  may  be  con- 
slderp'i  that  the  wall  will  not  suffer  from  this.    The  diagrams  on 
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sheet  3  show  the  maximum  upward  soil  pressures,  also  the  down- 
ward earth  pressures  on  the  base  due  to  the  weight  of  the  earth 
fill  on  top. 

Parapet  Wa«.— This  consists  of  a  16"  wall  supported  by  the 
continuations  of  two  of  the  main  buttresses.  This  wall  is  designed 
as  a  horizontal  beam  supported  by  the  buttresses,  which  are  9'  0" 
centre  to  centre.  In  nearly  all  reinforced  concrete  structures 
beams  act  as  continuous  ones,  due  to  the  method  of  construction. 
It  is,  however,  difBcult  to  say  exactly  how  much  this  continuity 
can  be  relied  upon.  Some  designers  neglect  it  altogether  and  figure 
the  beam  as  one  simply  supported.  It  seems,  however,  better  and 
more  general  practice  to  figure  the  moment  of  resistance  of  such 

1 
a  beam  as  j^  wis,  reinforcing  it  so  that  the  continuity  can  be  taken 

iull  advantage  of. 

Size  of  parapet  wall  necessary  at  bottom. 
Height  of  earth  fill  =  to  about  10'  0". 

10  X 100 
Horz.  pressure  = ^ —  =  333  lbs.  per  square  foot. 

The  vertical  pressure  due  to  live  load  at  this  point  is  assumed  as 

10000 

10,000  lbs.  distributed  over  13'  0"= =770  lbs.  per  square  foot. 

13 

Horizontal  pressures  are  due  to  L.L.  =  ~  =  257  lbs. 

To  this  live  load  pressure  was  added  50%,  to  allow  for  the  effect 
of  impact.  Total  load,  therefore  =  718  lbs.  per  square  foot.  In 
the  calculations  throughout  a  factor  of  safety  of  4  has  been  allowed. 

The  ultimate  moment  on  a  strip  of  wall  1  foot  wide  =  —  713  x 
«1  X 12  X  4  =  232,600"  lbs.  (inch  pounds). 

This  requires  a  beam  8"  deep  with  .68  square  inches  of  metal 

per  square  foot.    The  thickness  of  the  parapet  wall  is  16",  but  as, 

in  order  to  prevent  exposure  of  reinforcing  metal,  all  bars  are  to 

be  placed  3"  in  the  clear  from  exposed  surfaces,  the  effective  depth 

of  the  wall  is  say  14".    The  steel  can  therefore  be  reduced.    This 

is  done  proportionately  to  the  depth,  as  the  amount  of  steel  neces- 

'      8 
sary  varies  directly  as  the  depth.    Steel  necessary  therefore  is  . . 

X  .68  :=  .39  square  inch  per  foot. 

In  designing  reinforced  concrete,  it  is  always  important  to 
examine  shearing  stresses,  as  they  very  often  are  the  limiting 
factors  for  beams.  The  average  shear  on  any  section  should  never 
ex;;eed   60   lbs.   per  square   inch.    If   it   does   exceed   this   amount. 
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shear  reinforcement  should  be  used.    Shear  on  12"  of  parapet  walft 
3.5  X  7.18 

Face  Wall.— The  face  wall  is  designed  by  the  same  method  as  the 
parapet  wall.  It  was  considered  better  to  make  this  wall  somewhat 
stronger  than  figured,  due  to  the  fact  that  besides  being  subjected 
to  cross  bending,  it  is  in  compression  due  to  its  own  dead  load,  and 
also  in  compression  due  to  its  T  beam  action  in  conjunction  with 
the  buttress.  For  this  reason  a  batter  of  1  in  24  was  put  on  the- 
face.  Horizontal  bars  are  hooked  over  the  bars  in  the  face  wail 
and  run  back  into  the  buttress.  These  were  figured  strong  enough 
to  take  the  horizontal  reaction  of.  the  wall  between  buttresses, 
without  depending  on  the  tensile  strength  of  the  concrete.  Impact, 
loads  were  not  considered  below  the  parapet  wall,  as  at  that  depth 
they  will  be  pretty  well  dissipated  in  the  embankment.  The- 
greatest  stress  in  the  face  wall  in  the  centre  of  the  abutment  will 
be  found  according  to  the  assumption  made,  just  above  the 
relieving  shelf.  When  figured  as  already  shown,  the  amount  of 
metal  necessary  per  square  foot  was  0.43  square  inches  per  square 
foot.  3"  bars  12"  on  centres  are  used  in  face  and  parapet  walls 
to  'take  care  of  cross-bending.  This  is  somewhat  more  than 
actually  figured;  but  as  the  Increase  of  metal  increases  the  cost 
only  slightly,  it  is  generally  better  to  incur  a  small  increase  in 
cost  and  be  on  the  safe  side.  To  tie  the  face  wall  together  vertical 
i"  bars  2'  0"  on  centres  are  used,  and  to  take  care  of  the  reverse 
moment  over  the  supports,  |"  bars  12''  O.C.  5'  0"  long  are  used. 

Bridge  Seat.— The  main  buttresses  are  large  enough,  and  are 
designed  to  carry  the  bridge  loads  directly  to  the  base,  so  the  bridge- 
seat  has  no  direct  load  to  carry.  In  this  case  it  was  made  2'  0"  thick. 
It  should  be  strong  enough  to  tie  the  structure  together  thoroughly, 
and  for  that  reason  it  is  well  to  reinforce  it  so,  that  if  the  necessity 
arises.  It  will  be  capable  of  developing  its  full  strength. 

Reinforcement  necessary  for  this  is  22  x  .085  =  1.82  square  inches 
per  square  foot. 

1"  bars  6i"  O.C.  are  used  with  transverse. 

J"  bars  2'  r  O.C. 

The  bridge  seat  may  be  figured  for  a  possible  displacement  of  the 
girder. 

Dead  load  =  50,000  lbs.  Supposing  a  displacement  of  3'  0^  were 
possible  equal  to  33000  x  36  x  4  =  4,800,000  inch  pounds.  This  would 
be  distributed  over  2'  6"  of  bridge  seat,  and  would  need  a  depth  of 
about  23"  with  about  the  same  reinforcement  as  above,  then  shear 

33000 
would  be      '^        =46  lbs.  per  square  inch. 
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fia«e.— The  base  should  be  of  sufficient  width  to  properly  distri- 
bute the  load  within  the  safe  bearing  values  of  the  material.  In 
this  example,  owing  to  the  height  of  the  abutment,  the  loads  are 
so  excessive,  that  if  a  rock  foundation  were  not  available,  piles 
would  be  used.    Assume  a  foundation  of  sufficient  bearing  capacity. 

Average  soil  pressure  on  projection  of  base  beyond  face  wall  at 
Jiuttress  *'A"=:  10,300  pounds  per  square  foot.  This  projection  is 
assumed  to  act  as  a  cantilever.  Projection  is  V  0**.  In  this  case 
shear  will  be  found  to  be  the  limiting  factor. 

Assuming  the  thickness  at  the  face  wall  to  be  T  6",  average 
10  3000  X  7 
^shear  on  12"  =:    90  ^  12  ~^^  ^^  ^^^" 

Shear  reinforcement  has  been  used  here  as  shown  on  sheet  2. 

Ultimate     moment     on     12"  =  10300  x  7  x  3.5  x  12  x  4  =  12,200,000 

Inch  pounds. 

58 
Steel  necessary  to  take  tension  =-^x  4.92  =  31G  sq.  inches  per 

square  foot  or  IJ"  bars  6i"  centres. 

The  base  between  buttresses  behind  the  face  wall  is  figured  as 
a  beam  supported  by  the  buttresses  to  take  the  upward  or  down- 
ward pressure,  as  the  case  may  be.  At  "A"  there  is  a  maximum 
upward  pressure  of  5,550  lbs.  behind  the  wall,  and  a  maximum 
downward  pressure  of  5,800  pounds  per  square  foot  at  the  end  of  the 
l)ase. 

Span  =  9'  0"  Mu  =  ^  x  5800  x  81  x  12  x  4  =  2,250.000  inch  lbs. 

5800  X  35 
Shear  =   36x12^^^^^  pounds  per  square  inch. 

Amount  of  steel  necessary  for  a  36"  beam  to  take  this  load  =  1.4 
square  Inches  per  square  foot;  1"  bars  9"  O.C.  The  top  and  bot- 
tom of  the  base  are  reinforced  this  way,  the  spacing  of  the  bars  in 
the  centre  being  somewhat  further  apart,  as  the  loads  to  which  the 
base  is  subjected  are  not  so  great.  The  vertical  bars  in  the 
buttresses  should  be  carried  through  and  hooked  over  longitudinal 
bars  in  the  base. 

The  shelf  between  centre  buttresses  is  figured  as  a  horizontal 
beam,  carrying  a  dead  load  of  3,900  pounds  per  square  foot,  and  a 
live  load  of  550  pounds  per  square  foot.  The  thickness  of  this 
shelf  is  30",  and  the  amount  of  reinforcement  necessary  is  1"  bars 
"9"  on  centres. 

Buttresses, — The  main  buttresses  should  in  all  cases  be  placed 
-directly  under  the  bed  plates  of  the  girders;  they  are  widened  out 
at  the  bottom  to  distribute  their  load  on  the  base,  and  are  rein- 
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forced  by  bars  placed  in  the  rear,  anchored  in  the  base,  to  take 

care  of  the  overturning  moment.    In  case  of  through  spans,  it  will 

be  found  necessary  to  place  an  additional  buttress  between  the  two 

main  ones.    The  wing  walls  are  similarly  treated,  buttresses  being 

placed  9  to  10  feet   on   centres   sufficiently    reinforced,  to  resist  the 

overturning    moment    due    to    horizontal    earth    pressures.     The 

buttresses  were  figured  as  cantilevers  fixed  at  the  base.    In  reality 

they  will  most  likely  act  in  conjunction  with  face  as  T  beams,  the 

face  wall  taking  the  compression.    It  will   be  safer,   however,  to 

figure  the   buttress  as  a   simple   beam.     The   factor  of  safety   In 

figuring  the  ultimate  moment  has  been  reduced  to  3  in  this  case, 

as  this  moment  is  greatly  in  excess  of  the  moment  of  stability  of 

the  abutment,  as  a  whole,  and,  therefore,  it  is  not  advisable  to 

design   any   member   to   resist   a   very   much   greater   overturning 

moment  than  the  stability  of  the  abutment  as  a  whole  will  allow. 

Buttress  "A":    Depth  at  base  =  20'  0". 

Width  =  2'  0". 

M^=325000x  26.7x12x3  =  302,390,000  inch  pounds. 

or  151,200,000      "        "         on  12". 

202 
Depth  necessary  =  202".    Area  of  steel  =  .—- x  17.17  =  14.55  sq.  in. 

Therefore  total  area  necessary  =  29.0  square  inches  or  19  —  li"  bars. 

These  bars  are  extended  far  enough  into  the  base  to  have  suf- 
ficient anchorage  to  develop  their  full  tensile  strength.  The 
buttresses  for  the  wing  walls  are  designed  similarly. 

In  constructing  an  abutment  on  the  above  design,  care  should 
be  taken  to  ensure  sufllcient  anchorage  against  slipping  along  the 
foundation  line  by  sinking  the  foundation  into  the  rock  if  there  is 
rock  foundation,  or  by  building  a  toe  along  the  front  of  the  wall 
in  other  material,  and  providing  for  good  drainage  of  the  founda- 
tion. If  piles  are  used,  the  shear  along  the  foundation  line  should 
be  examined. 

Comparison  of  Standard  Plain  Concrete  Abutment  and  Reinforced 
Concrete  Abutment. — Initial  cost  is  generally  the  principal  and  most 
important  point  of  comparison,  and  in  this  respect  the  reinforced 
concrete  abutment  makes  a  very  creditable  showing.  The  contents 
of  the  standard  abutment  from  the  standard  plan  is  1,786  cubic 
yards.  Making  an  allowance  of  142  cubic  yards  for  the  shortening- 
of  the  wing  walls  as  indicated,  the  basis  of  comparison  would  be 
1,644  cubic  yards.  A  rough  estimate  of  the  attached  design  places 
the  quantities  at  1,060  cubic  yards  of  concrete,  and  101,200  pounds 
of  steel. 

The  contract  prices  per  yard  of  concrete  on  the  National  Trans- 
continental Railway  are  $10.00  on  the  eastern  section,  and  $12.00 
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on  the  western  section.  These  figures  are  used.  An  allowance  of 
50  cents  per  yard  has  been  made  for  the  Increased  cost  in  placing 
concrete  reinforced.  The  cost  of  steel,  including  placing,  has  been 
figured  at  4  cents  per  pound.  On  the  basis  of  $10.00  a  yard,  the 
standard  abutment  will  then  cost  $16,440,  and  the  reinforced  con- 
crete abutment  $14,C57,  effecting  a  saving  of  $1,783.  On  the  basis 
of  $12.00  per  yard  these  figures  are  $19,728  and  $16,687  respectively, 
and  the  difference  in  cost  is  $3,041.  In  the  first  case  the  standard 
abutment  is  17  per  cent.,  and  in  the  second  18  per  cent,  more 
expensive. 

Another  advantage  of  this  abutment  is  its  greater  stability,  :is 
can  be  seen  by  comparing  its  section  at  the  centre  with  centre 
section  of  the  standard  abutment  as  shown  on  sheet  3  attached. 
Both  these  sections  were  examined,  using  the  same  assumptions. 
To  this  may  be  added  the  saving  that  would  be  effected  if  pile 
foundations  were  necessary.  The  standard  abutment  having  a 
great  dead  load  and  a  much  greater  extreme  soil  pressure. 

These  points  of  advantage,  together  with  those  mentioned  in  the 
beginning  of  the  paper  on  the  advantages  of  using  reinforced 
concrete  for  railway  structures,  should  be  suflacient  to  convince 
any  railway  engineer  of  the  great  advantages  of  reinforced  concrete 
construction,  and  of  the  great  possibilities  of  this  material. 

In  preparing  this  paper  references  have  been  the  catalogues 
of  the  Corrugated  Steel  Bar  Company  of  Canada,  Ltd.,  and  of  the 
Raymond  Concrete  Pile  Company  of  Canada,  also  an  article  by 
W.  W.  Colpitts,  Assistant  Chief  Engineer,  K.  C.  M.  &  O.  Railway, 
on  "Structures  of  Steel  Concrete,"  which  appeared  in  the  Railicay 
Age  from  January  to  April,  1904.  Attached  to  this  paper  are  a  set 
of  tentative  specifications  intended  to  cover  the  carrying  out  of 
the  reinforced  concrete  work  outlined  in  the  design. 

Specificatioks   for   Co:^crete   Work    for   Reinforced 
Co:!?CRETE  Abutment. 

Foundations. — The  foundation  for  the  abutment  shall  conform 
to  the  dimensions  shown  on  the  plans.  If  necessary  a  cofferdam 
consisting  of  tongue  and  grooved  sheeting,  of  at  least  4  inches 
thickness,  shall  be  constructed.  The  sides  and  ends  of  the  coffer- 
dam shall  be  made  watertight,  and  during  the  placing  of  the 
concrete  the  water  shall  be  pumped  therefrom,  so  that  the  footing 
can  be  laid  dry.  If  the  bottom  is  so  porous  that  it  is  impracticable 
to  keep  the  water  out,  suflacient  concrete  shall  be  evenly  deposited 
over  the  foundation  to  well  calk  It,  after  which  the  bottom  shall  be 
pumped  out  and  the  footing  laid  dry.    All  concrete  placed  under 
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water  shall  consist- of  1  part  Portland  cement,  2  parts  sand,  and  4 
parts  of  broken  stone,  as  hereinafter  specified. 

When  the  excavation  has  been  completed,  the  engineer  will 
decide  whether  it  is  necessary  to  use  piles  in  the  foundations  or 
not.  Where  bed  rock  is  reached,  the  footing  must  be  sunk  into  it 
one  foot,  or  as  much  more  as  the  engineer  may  deem  necessary 
to  obtain  an  even  and  proper  bearing,  and  a  satisfactory  anchorage 
against  slipping. 

If  the  use  of  piles  is  directed,  the  engineer  shall  determine 
the  number  and  spacing  of  piles.  The  piles  shall  be  concrete 
piles  of  the  following  standard  sizes: 

When  20  ft.  long,  diam.  of  top  shall  be  20"  and  diam.  of  bottom  6" 
25      "  •*      "  "        "        20"     "  "  "        8" 

30       **  *•       '•  "        "        20"      •'  •'  *•        S^ 

"      35       **  *        18"      "  "•  "        3" 

"      40      *'  18"      "  "  "        8" 

These  piles  shall  be  driven  according  to  the  Raymond  system 
of  concrete  piling.  The  core  shall  be  driven  until  it  does  not 
penetrate  more  than  three-eighths  (!)  of  an  inch  under  the  blow 
of  a  hammer  weighing  2,000  pounds  falling  20  feet.  On  withdrawal 
of  the  core,  the  sheet-iron  casing  left  in  the  ground  must  retain 
its  shape.  If  the  casing  is  not  to  the  satisfaction  of  the  engineer, 
he  may  order  another  casing  driven  inside  to  make  sure  of  a  perfect 
pile.  The  concrete  used  in  filling  the  shells  shall  be  composed  of 
1  part  Portland  cement,  2  parts  sand,  and  4  parts  broken  stone.  It 
shall  be  well  tamped  when  being  put  into  place.  When  the  piles 
have  been  driven  to  the  satisfaction  of  the  engineer,  any  earth  that 
has  risen  between  the  piles  is  to  be  removed,  and  the  bed  is  to  be 
rammed  if  so  directed. 

Concrete.— The  concrete  for  the  abutment  shall  be  composed  of 
1  part  Portland  cement,  2  parts  sand,  and  6  parts  broken  stone. 

Cement. — The  cement  used  shall  be  some  standard  brand  of 
Portland  cement  approved  of  by  the  engineer.  All  cement  must 
conform  to  the  standard  specifications  of  the  "Canadian  Society  of 
Civil  Engineers'*  for  Portland  cement.  The  minimum  tensile 
strength  of  briquettes,  one  square  inch  in  section,  from  samples  of 
the  cement,  shall  be  as  follows: 

Neat  Cement, 

24  hours  in  moist  air 175  pounds. 

7  days;  1  day  in  moist  air,  6  days  in  water 550 

One  part  Cement,  three  parts  Standard  Sand, 
7  days;  1  day  in  moist  air,  C  days  in  water 200  pounds. 

Sand.— The  sand  used  shall  be  a  good  quality  of  building  sand. 
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and  must  be  clean,  sharp,  and  angular,  free  from  loam  and  other 
deleterious  admixtures.  The  size  of  the  grains  should  be  such 
that  not  less  than  fifty  per  cent,  of  them  shall  be  retained  upon  a 
sieve  having  holes  twenty-two  thousandths  (0.022)  of  an  inch 
square,  or  what  is  commonly  called  a  No.  30  sieve.  The  size  of 
the  grains  should  average  about  the  size  of  the  mesh  of  a  No.  20 
sieve.  The  sand  would  be  especially  preferred  if  it  contained  a 
considerable  amount  of  large  particles,  approaching  to  the  size  of 
gravel. 

Broken  Stone. — The  broken  stone  shall  be  clean  crushed  lime- 
stone or  trap,  "run  of  crusher."  It  shall  be  of  such  size  that  the 
largest  piece  may  pass  through  a  ring  of  Ih''  inside  diameter.  The 
stone  must  be  hard,  sound,  and  of  good  quality,  free  from  any 
condition  or  defect  that  might  impair  its  strength. 

Mixing  and  Placing, — All  materials  will  be  measured  loose,  that 
is.  not  compacted  into  the  measuring  vessel.  The  proportion,  being 
specified  by  volume,  shall  be  accurately  obtained.  The  mixing  will 
be  done  by  a  machine,  and  any  mixing  machine  to  be  used  must 
be  approved  of  by  the  engineer  before  being  installed. 

The  length  of  time  that  the  material  is  to  remain  in  the  mixer, 
or  the  number  of  turns  or  revolutions  of  the  mixer,  must  be 
sufficient  to  ensure  as  thorough  and  complete  a  mixture  of  the 
ingredients  as  shall  be  satisfactory  to  the  engineer.  Enough  water 
shall  be  used  to  make  the  concrete  of  such  consisjtency  that  it 
will  pass  freely  into  the  forms  and  around  the  reinforcement;'  but 
In  no  case  shall  the  concrete  be  of  such  fluidity  as  to  permit  a 
separation  of  the  components  through  the  action  of  gravity.  Where 
it  can  be  so  handled  a  moderately  dry  mixture  will  be  used,  such 
that  the  concrete  can  be  thoroughly  tamped.  When  the  concrete 
is  too  wet  to  tamp,  or  where  for  any  reason  it  cannot  be  tamped, 
it  must  be  carefully  worked  into  all  corners  of  the  forms  or  moulds,  - 
and  around  the  reinforcement  in  such  a  way  as  to  insure  that 
there  are  no  voids  or  air  bubbles,  and  that  the  concrete  is  as 
thoroughly  compacted  as  possible.  In  any  case  the  manner  of 
adding  water  must  be  such  that  the  quantity  can  be  accurately 
controlled,  and  the  concrete  made  of  uniform  consistency.  The 
amount  of  water  used  shall  be  determined  by  the  engineer. 

After  the  concrete  is  thoroughly  mixed,  it  shall  be  placed  in  the 
work  within  one-half  hour.  Concrete  shall  not  be  used  after  it  has 
begun  to  show  evidence  of  setting,  and  shall  be  kept  entirely  free 
from  foreign  matter  of  any  kind. 

When  another  layer  of  concrete  is  placed  on  one  that  has  already 
set,  the  surface  of  the  concrete  must  be  cleaned  of  all  loose 
material,   and   after   wetting  shall   be   slushed   with   pure   cement 
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before  placing  the  next  layer  of  concrete.  Care  must  be  taken  to 
avoid  getting  dirt  or  any  other  foreign  matter  on  concrete  surfaces 
on  which  concrete  is  to  be  placed  or  which  have  not  set.  Any  suca 
concrete  unavoidably  mixed  with  dirt  shall  be  removed  and  replaced 
to  the  entire  satisfaction  of  the  engineer. 

No  concrete  shall  be  laid  in  freezing  weather,  unless  so  directed 
by  the  engineer,  and  any  concrete  that  may  show  evidence  of 
being  damaged  by  low  temperature  shall  be  removed  and  replaced. 
Whenever  required,  the  surface  of  concrete  shall  be  suitably  pro- 
tected from  cold  or  frost,  but  such  protection  shall  not  insure  the 
acceptance  of  such  concrete  should  it  appear  to  be  damaged. 

Form  Work. — The  forms  for  all  concrete  work  shall  be  sub- 
stantial and  of  timber  of  such  thickness  and  stiffness  and  so  braced 
that  they  are  unyielding  *when  the  concrete  is  placed  and  rammed 
next  to  them.  They  must  be  such  that  the  finished  work  will 
accurately  conform  to  the  sizes  and  shapes  shown  on  the  plans,  and 
the  concrete  must  be  so  placed  that  the  finished  work  will  present  a 
smooth  appearance,  free  from  all  voids,  lines,  projections,  or 
irregularities.  The  forms  next  to  concrete  surfaces  shall  consist 
of  tongue  and  grooved  stuff,  planed  on  one  side.  Forms  must 
not  be  removed  until  permission  to  do  so  is  given  by  the  engineer 
In  charge,  and  in  no  case  within  48  hours  after  placing  the  concrete. 

On  removal  of  the  forms,  any  holes  left  by  tie  rods  or  by  acci- 
dent shall  be  neatly  plastered  to  give  an  even  finish,  and  all 
exposed  surfaces  shall  receive  one  coat  of  a  neat  Portland  cement 
wash  applied  with  a  brush. 

Bridge  Seat.— The  top  of  the  bridge  seat  shall  be  finished  oft  with, 
granitoid  of  the  following  proportions: 

One  part  of  Portland  cement,  two  parts  of  sand  or  granite- 
screenings,  three  parts  of  granite  chips  broken  enough  to  pass  a 
i-inch  ring.  The  top  of  this  granitoid  is  to  be  brought  to  an  exact 
level  and  finished  with  a  floated  surface.  Its  thickness  is  to  be  not 
less  than  6  inches. 

Steel  Reinforcement. — All  reinforcement  shall  consist  of  new  sec- 
tion corrugated  bars,  Johnson  patent.  The  size  and  number  of 
these  bars  are  shown  on  the  drawings.  They  shall  be  made  of  the 
best  grade  of  high  elastic  limit  steel,  of  an  average  tensile  strength 
of  90,000  to  100,000  pounds  per  square  inch,  and  an  elastic  limit  of 
not  less  than  50,000  pounds,  and  not  more  than  65,000  pounds  per 
square  inch.  All  bending  of  these  bars,  as  shown  on  the  drawings, 
shall  be  carefully  and  accurately  done,  the  bars  being  heated  in  a 
hand  forge  and  bent  on  the  job. 

These  bars  are  not  to  be  oiled  or  painted  in  any  way,  but  are 
to  be  kept  clean  and  as  free  from  rust  as  possible.    They  shall  h& 
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placed  in  proper  position  and  maintained  in  this  position  until  the 
laying  of  the  concrete  is  completed. 

All  reinforcement  shall  be  placed  at  best  3  inches  in  the  clear 
from  the  surface  of  the  concrete.  When  bars  have  to  be  spliced, 
this  shall  be  done  by  lapping  the  bars  a  distance  equal  to  30 
diameters  of  the  bar  to  be  spliced. 

i)raina^e.— Provisions  for  draining  the  foundation  shall  be  made 
according  to  instructions  by  the  englneer-in-charge. 

Inspection. — ^All  material  furnished  by  the  contractor  shall  be 
subject  to  the  inspection  and  approval  of  the  engineer,  and  the 
engineer  shall  have  power  to  condemn  all  work  which  in  his  opinion 
is  not  done  In  accordance  with  the  contract  and  specifications. 
The  decision  of  the  engineer-in-charge  will  in  all  cases  be  final. 

DISCUSSION. 

Mr.  F.  p.  Shearwood  (M.  Can.  Soc.  C.  E.)— Mr.  Fyshe  states  that  Mr.shearwood 
the  stresses  can  be  accurately  figured,  yet  bases  Ms  calculations  on 
certain  assumptions.  The  statement  that  little  skilled  labour  is 
required  seems,  to  the  speaker,  to  require  modification.  The 
numierous  failures  that  have  occurred  in  the  last  few  years  are  said 
to  be  due  to  unskilled  workmanship.  Reinforced  concrete  is  par- 
ticularly well  adapted  to  such  structures  as  abutments.  The 
stresses  are  nearly  all  dead  loads.  An  article  dealing  thoroughly 
with  the  shrinkage  of  concrete  was  published  in  the  Engineering 
yetcs  last  year.  With  good  workmanship,  material,  and  design, 
the  stress  will  be  equally  distributed  through  the  whole  structure; 
but  should  there  be  a  flaw  the  shrinkage  stresses  would  probably 
accumulate  at  the  point  of  weakness,  causing  cracks  which  might 
in  time  be  dangerous  or  allow  corrosion  of  the  steel.  In  computing 
the  relative  cost  of  plain  and  reinforced  concrete  considerable 
allowance  should  be  made  in  the  latter  case  for  continuous  and 
expert  inspection. 

Mr.  T.  M.  Fyshe  (S.  Can.  Soc.  C.  E.)— Referring  to  Mr.  Shear-  Mr.  Fyahe 
wood's  cri'tlcism  regarding  the  calculation  of  stresses,  assumptions 
cannot  be  avoided  either  in  reinforced  structures  or  in  steel  work. 
The  meaning  is,  that  provided  the  assumptions  are  conservative 
the  stresses  can  be  determined  closely  enough.  The  speaker  agrees 
with  Mr.  Shearwood  that  nowhere  is  it  miore  necessary  to  have 
inspection  than  with  reinforced  concrete;  but  the  additional  cost 
will  be  but  a  small  percentage  of  the  whole.  Shrinkage  stresses 
are  rarely  introduced  as  cracks  seldom  occur.  In  the  Canadian 
Pacific  Railway's  retaining  wall  at  St.  Annes,  they  were  due  to  the 
wall  having  been  cemented  into  rock  foundation,  which  was,  of 
course,  not  free  to  expand  equally  with  the  top.  Such  diflicultiea 
can  readily  be  overcome. 


BUSINESS  MEETING. 

A  business  meeting  of  the  Society  for  the  opening  of  ballots 
lor  the  election  of  meEa»bers,  was  held  on  Thursday,  October  24. 
Mr.  W.  F.  Tye.  Member  of  Council,  in  the  chair. 

Messrs.  N.  F.  Ballantyne,  J.  W.  Heckman,  J.  G.  Legrand,  B.  A. 
Bhys-Roberts,  A.  BromJey  Smith,  W.  C.  Thomson,  W.  F.  Tye,  and 
the  Secretary  were  appointed  Scrutineers  for  the  special  ballot  for 
the  election  of  Honorary  Members,  and  declared  the  following 
elected: 

Honorary  Member. 
Kennedy,  John. 

Messrs.  J.  W.  Heckman,  J.  G.  Legrand,  E.  A.  Rhys-Roberts,  W. 
C.  Thomson,  W.  F.  Tye,  and  the  Secretary  were  appointed  Scruti- 
neers for  the  ordinary  ballot  for  the  election  of  MemA)ers,  and 
declared  the  following  elected: 


Armstrong,  T.  S. 
Balfour,  F.  H. 
Brown,  T.  J. 


Members. 

Browne,  W.  Lyon. 
Goldie,  A.  R. 
Hart,  H.  U. 


Muckleston,  H.  B. 
Smith,  G.  R. 


Aitken,  K.  L. 
Aldred,  J.  J. 
Beatty,  J.  A. 
Brown.  G.  L. 
Chisholm,  W.  R. 
Clarkson,  E.  P. 
Dodge,  G.  B. 
Douglas,  W.  E. 
Evans,  G.  E. ' 
Ewart,  J.  A. 
Gaby,  F.  A. 


Associate  Members. 

Galway,  J.  C. 
Garrett,  J. 
Gibson,   N.  R. 
Gordon,  R.  J. 
Holden.  C. 
Icke,  H.  A. 
Johnson,  S.  B. 
Kimpe,  M. 
Lecky,  R.  J. 
Macdonald,  A.  J. 
MacKenzle,  J.  R. 


Macredie,  J.  R.  C. 
McCormick,  B.  T. 
Miles,  E.  L. 
Raymond,  D.  C. 
Ripley,  B. 
Rutherford,   F.   N. 
Simpson,  R. 
Sterns,  F.  E. 
Terreault.  H.  A. 
Todd,  J.  R. 
Wells,  A.  F. 


Associates. 


Bate,  W.  C. 


Gillies,  F.  D. 
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Transferred  from  the  Class  of  Associate  Member  to  that  of 

Mkmher. 


Bishop.  W    I. 
Decary,  A.  R. 
Ewing,  J. 
Goodwin,  J.  B. 
Guay,  J.   F. 


Laberge,  F.  C. 
Leech,  C.  S. 
Lewis,  D.  O. 
Orrock,  J.  W. 
Parent,  P.  E. 


Pitcher,  F.  H. 
Roy,  A.  V. 
Skaife.  W.  G. 


Transferred  from  the  Class  of  Student  to  that  of 
Associate  Member. 


Belanger,  A.  A. 
Bishop,  R.  W. 
Brayley,  H.  V. 
Cooper,  C.  E. 
Ferguson,  A. 


Band,  L. 
Bayly,  G.  W. 
Becker,  H.  J. 
Belfour,  H.  McC. 
Brown,  C.  K. 
Browne,  G.  S. 
Collier,  E.  V. 
Cowley,  F.  P.  V. 
Denovan,  J. 
Edmunds,  M.  C. 
Eriksen,  B.  O. 
Fawcett,  S.  D. 
Francis,  G. 
Gibson,  J.  G.,  Jr. 
Grenon,  J.  F. 
Griffin,  F.  F. 
Hodglns.  F.  O. 
Humphrey,  A.  E. 


Handley,  J. 
Lambart,  H.  F.  J. 
Mackenzie,  A.  C. 
Peters,  F.  H. 
Rutter  F.  M. 

Student   Members. 
Johnston,  H.  S. 
Landy,  A.  P. 
Laporte,  J.  A. 
Lavoie,  E. 
Lavoie,  J.  T.  E. 
Lindsay,  A.  M. 
Lount,  C.  T. 
Malchelosse,  A. 
Malloch,  F.  G. 
Malouin,  P. 
Martin,  B.  E. 
McConville,  J.  E.  A. 
McKinnon,  F. 
McLennan,  K.  R. 
McQueen,  H.  R. 
Moffat,  W.  J. 
Munn,  D.  W. 
Passy,  P.  de  L.  D. 


Sinclair,  D. 
Surveyer,  A. 
Watson,  G.  L. 


Pring,  J.  N. 
Ridout,  G.  L. 
Russell,  C.  B. 
Saunders,  R.  G. 
Scott,  M.  A. 
Smith,  W.  R.  V. 
Spencer,  R.  A. 
Stiles,  H. 
Thibault,  J.  E. 
Tremblay,  T.  L. 
Trotter  C.  T. 
de  Vigan,  R. 
Whitton,  C.  F. 
Whyte,  H.  B. 
Wright,  G.  C. 
Young,  G.  S. 
Young,  W.  E. 


ELECTRICAL  SECTION. 

President — R.  A.  Ross. 
Vice-President — A.  A.  Diox. 

A  meeting  of  the  Electrical  Section  was  held  Thursday  evening, 
November  7.  Mr.  R.  A.  Ross,  President  of  the  Section,  in  the  chair. 
The  following  paper  was  read  by  the  author: 

PAPBR   No.  266 

THE   CALCULATION  OF  COPPER  CONDUCTORS  FOR  ALTER- 
NATING CURRENT  THREE-PHASE  TRANSMISSION 
LINES. 

By  F.  B.  Biiowv,  M.Sc,  S.  Can.  Soc.  C.  E. 

Three-phase  transmission  for  alternating  current  is  now  conceded 
to  be  the  only  practical  and  economical  means  of  transmitting  large 
quantities  of  electrical  energy  over  great  distances. 

With  the  increasing  use  of  electricity  for  lighting,  railway,  and 
general  power  purposes,  and  the  consequently  larger  number  of 
generating  stations  required,  the  question  of  transmission  line 
design  is  becoming  more  and  more  important,  as  the  distances  from 
source  of  supply  to  load  increase,  and  with  the  consequent  rise  In 
voltage  necessary  to  keep  the  line  within  commercial  bounds. 

One  of  the  foremost  problems  which  the  engineer  is  called  upon 
to  solve,  is  the  proper  designing  of  the  conducting  system,  includ- 
ing size,  spacing  of  wires,  etc.,  to  meet  the  load  conditions  with 
specific  losses  or  drop  of  voltage. 

The  present  paper  is  intended  to  offer  an  easy  method  of  solving 
such  problems. 

Several  very  able  articles  have  appeared  from  time  to  time  on 
the  subject  of  "Drop  in  Alternating  Current  Lines,"  and  the  writer 
is  indebted  especially  to  Mr.  R.  D.  Mershon's  now  classic  article, 
originally  published  in  the  Amei'ican  Electrician  for  June,  1897,  and 
rewritten  for  the  March,  1907,  number  of  the  Electric  Joumah  and 
to  two  articles  in  the  March,  1907,  and  April,  1907,  numbers  of  the 
same  periodical  by  Mr.  Clarence  P.  Fowler,  and  Messrs.  Chas.  F. 
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Scott  and  C.  P.  Fowler,  respectively,  of  the  latter  of  which  two 
articles  liberal  use  has  been  here  made. 

The  essential  part  of  the  present  paper  consists  of  the  four 
plates  annexed  and  designated  Diagrams  1  and  2,  and  Tables  I  and 
II.  The  diagrams  were  originally  intended  for  use  by  the  firm 
with  which  the  writer  is  connected,  where  they  were  found  so 
useful  that  it  has  been  thought  well  to  embody  them  with  the 
tables  in  a  short  paper  for  the  convenience  of  other  members  of 
the  engineering  profession.  They  have  been  derived,  as  described 
below,  from  modifications  of  the  wiring  formulas  brought  out  some 
time  ago  by  the  General  Electric  Company,*  and  these  diagrams 

Reactance 
with  the  Peststance   ^^^^®^  (Table  I)   and  the  list  of  drop  factors 
following  (Table  II)  may  be  used  in  quickly  solving  the  conductors 
for  almost  any  transmission  line. 

The  process  of  development  of  the  curves  may  be  readily  traced, 
but  it  has  been  thought  advisable  to  show  the  steps  taken  in  attain- 
ing the  results,  and  in  this  connection  it  should  be  carefully  kept 
in  mind  that  in  alternating  current  transmission  at  power  factors 
of  load  other  than  unity,  the  loss  of  volts  and  drop  of  volts  are  by 
no  means  synonymous — the  first  referring  to  a  CR  loss,  and  the 
second  to  a  CR  loss  multiplied  by  a  factor;  and  that  the  %  watts 
loss  and  %  volts  loss  are  not  the  same  by  any  means,  and  neither 
agree  with   the   %   drop,   which   latter  determines  the   regulation. 

Proceeding  with  the  derivation  of  the  diagrams,  the  following 
equations  should  be  noted: 

On  the  basis  of  watts  loss,  for  any  conductor,  the  following 
formula?  are  universal  for  all  systems  of  transmission  when 
suitable  constants  are  used. 

Area  in  circular  mils  =     n^E^ —     ^^^ 

and,  total   wt.  of  copper  in  line  =  — p"x  E^  x  10g~     ^^^ 

where  D   =  distance  one  way  in  feet  along  line. 

W  =  total  watts  delivered  at  receiver  end  of  line. 
P   =  per  cent,  of  loss  of  power  W. 
E   =  line  voltage  at  receiver  end: 

JTi  =  a  constant  =  1080  for  three-phase  100%   power   factor. 
A   =a  constant  =  9.06  for  three-phase  all  power  factors. 


•See  Foster's  "  Elpctrlcal  Engineer's  Pocket  Book,"  pp.  124  126,  and  Crocker's  "El»^ctrlc 
Lighting."  vol.  II.,  pp.  232  etstq. 
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Now  if  for  /)  be  substituted  If  =  distance  one  way  In  miles  instead 

of  feet, 
and  for  W  be  substituted  £  =  kilowatts     delivered     instead    of 

watts, 
and  for  E  be  substituted    t  =  E  -i- 1000  =  line  voltage  divided  by 

1000. 
and  for  Jfi  be  substituted  Z  =  a  constant  =  1080 
the  above  formulae  become 

^         "   *        '  "    /'xlf  X  1000)2 

,_M  K  Z    5280000 
Pz^    '^  1000000 

Pe  ' 

and  (2)  total  weight=  urJ^f-^m^-(A^-lOOO)-^-A 
'  *  PxCf  X  1000)2  xlO« 


/.1/\2     K      /o280\2     1000      «      - 

=  1  —  I    x  —  xl —     I    X xZxA 

\ej       P      VlOOO/         lO'* 

=(t')' 


^/\  '  X  ^  X  2T.8784  ^  j^g^  ^  g^^ 


/>         1000 
:  272. 7846. 


Allowing   2.G5%   for   sag,   etc.,   these   formulae  become 
(1)  C,  .V.='y^^,x58o4 


(2)  Total  weight  =  IV=  ^— ")   x  ^x  280 


and  the  weight  of  copper  per  kilowatt  delivered 


(3)    =i=(^)'x'^ 


280 
P 


and   the   weight   per   mile  of  a    single  wire    (0    is   obtained  by 
substituting   3/  x  M  for  W  in  formula  (2).  thus: 

jr=3  M  /=  (^^\  '  X  ^x  280 
or    (4)=/=^^,x^x93, 
and    (r))  =  3  /  =L  x  -by  substitution  in  equations  (3)  and  (4). 
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All  the  above  are  for  three-phase  100%  P.  F.  on  basis  of  watts 
lost.  These  formulae  are  therefore  applicable  to  practical  cases, 
when  miles,  kilowatts,  and  kilo  volts  are  used. 

The  various  symbols  used  have  the  following  meanings: 

{  =  Weight  per  mile  of  one  of  the  three  conductors  used, 

or  =  weight  per  mile  per  phase. 
J/  =  Length  of  line  (one  way)  in  miles. 

iST  =  Kilowatts  delivered  at  receiver  end  of  line. 

P  =  Per  cent,  loss  of  power  K  in  line. 

£  =  Delta  line  voltage  at  receiver  end  -f- 1000  =  kilo  volts. 

Z  =  A  constant  =  1080  for  three-phase  100%  p.  f. 

A  =  A  constant  =  9.06  for  three-phase  all  power  factors. 
W  =  Total  weight  of  copper  in  all  conductors. 

L  =  Pounds  of  copper  per  kilowatt  delivered  =  W -+- JT. 
€.  M.  =  Circular  mils  area  of  copper  in  each  phase. 

On  the  basis  of  watts  loss  being  fixed,  the  constant  Z  being 
equal  to  1080  for  unity  power  factor,  its  value  for  lower  power 
factors  will  increase  inversely  as  the  square  of  the  power  factor 


(since  the  copper  for  watts  loss  fixed  increases  as- 


.1 ) 

r  factor) V 


(power  factor)' 

therefore  the  values  for  the  five  equations  for  various  power  factors 
are  as  shown  below: 


No. 

Equation 

For  power  factors  of 

100% 

90% 

80% 

70% 

1. 

Pt' 

5854 

7200 

9140 

11950 

2. 

"'-(f)'"^ 

280 

344 

437 

571 

3. 

-©•>■« 

280 

344 

437 

671 

4. 

'=r. '  > 

93 

114 

145 

190 

5. 

«"-'-u 

- 

"- 

- 

- 

On  the  basis  of   volts    loss    being   fixed,    the    value  of  Z  will 
increase  inversely  as  the  power  factor  (since  the  copper  for  volts 

loss  fixed  increases  as z ).    Therefore  the  values  of  the 

power  factor 
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five  equations  for    the    same    power    factors  as  the  above  are  as 

follows: 


Equation. 


For  power  factors  of 


, 

100% 

90% 

80% 

70% 

1. 

5854 

6498 

7317 

8371 

2. 

"--(?)■'?" 

280 

311 

350 

400 

3. 

-(f)'-> 

280 

311 

350 

400 

4, 

,.'C..-. 

93 

103 

116 

133 

5. 

Zi=Lx^^ 

_ 

^ 

^ 

_ 

Af 

It  Will  be  noted  that  the  increase  in  copper  over  that  required 
for  a  line  having  a  fixed  per  cent,  loss  in  volts,  to  give  the  same 
percentage  watts  loss,  increases  inversely  as  the  power  factor. 

Diagram  1  (which  shows  pounds  of  copper  per  K.  W.  delivered, 
etc.)  is  calculated  from  formula  3,  by  successively  assuming  values 
of  P  from  1  to  28,  and  on  each  of  the  vertical  lines  corresponding 
to  these,  finding  a  certain  number  of  points  equal  to  the  values  of 

L  for  various  assumed  values  of  /  _  -\      corresponding  to  the  "volts 

per  mile"  of  the  line.  This  is  worked  out  in  detail  for  various 
percentages  of  watts  loss  for  unity  power  factor,  and  then  the 
values  for  other  power  factors,  as  well  as  for  the  volts  loss  cor- 
responding to  the  watts  loss  for  90%,  80%,  and  70%  power  factors, 
were  inserted  after  multiplying  the  first  results  by  the  proper 
factors  as  shown  above.  The  diagram  can  easily  be  extended  to 
apply  to  lower  power  factors  than  70%,  but  for  ordinary  use  should 
be  found  sufficient. 

Diagram  2,  translating  pounds  of  copper  per  K.  W.,  into  com- 
mercial sizes  of  wire,  was  plotted  from  equation  5  as  follows: 
Various  total  weights  of  wire  per  mile  for  three  conductors  were 
chosen,  corresponding  to  commercial  sizes  B.  and  S.  gauge  (=31) > 
and  then,  by  dividing  each  value  of  3^  by  various  quantities  from 

5  to  200    corresponding    to    the    pounds    of    copper    required  per 

j^ 
kilowatt  delivered    (=L),  a   series  of  points  corresponding  to 

Af 

were  plotted,  and  by  joining  these  the  curves  shown  were  traced. 

Of  course,    more    curves    on    both    diagrams    could  have  been 

plotted,  but  for  all  practical  purposes  they  are  close  enough,  as 
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amounts  falling  between  the  curves  can  be  readily  estimated  at 
sight. 

Due  to  the  excessive  Induction  factors  of  wires  larger  than  No. 
0000  B.  &  S.  gauge,  the  weights  on  the  curves  are  given  as  corres- 
ponding to  multiples  of  standard  sizes  for  all  wires  larger  than 
No.  0000,  and  for  the  same  reason  It  is  better  to  subdivide  lines 
requiring  larger  copper  than  No.  0000  into  two  or  three  separate 
circuits,  each  carrying  one-half  or  one-third  of  the  whole  load,  as 
the  case  may  require,  and  calculating  reactance,  etc.,  on  the  basis 
of  the  subdivided  lines. 

Now,  considering  the  use  of  the  diagrams,  let  the  following 
conditions  be  assumed: 

Given  the  receiver  voltage  of  a  three-phase  line,  its  length  in 
miles,  the  power  factor  of  the  load,  the  power  to  be  delivered  and 
the  frequency  decided  upon,  find  the  size  of  wire  required  for  any 
given  per  cent,  loss  in  watts  or  volts  (CR)  (since  Diagram  1  can 
be  used  for  either  by  transferring  to  the  corresponding  figures  at 
top  or  bottom  of  the  page)  and  the  total  drop  in  the  line,  and 
consequently  its  regulation. 

From  the  point  on  the  top  horizontal  scale  corresponding  to  the 
allowed  line  loss  in  per  cent.,  drop  a  perpendicular  until  it  strikes 
the  curve  corresponding  to  the  delivered  volts  per  mile  of  the  line; 
from  this  point  draw  a  line  horizontally  and  to  the  right  until  the 
figures  are  reached  giving  pounds  of  copper  per  K.  W.  delivered, 
corresponding  with  the  power  factor  of  the  load.  (Or,  if  ohmlc 
volts  loss  be  given,  start  from  the  bottom  horizontal  scale,  erect  a 
perpendicular  from  the  per  cent,  loss  given  to  the  volts  per  mile 
curve,  and  trace  horizontally  and  to  the  left  until  the  figures  are 
reached  corresponding  to  the  lbs.  per  K.  W.  for  the  proper  power 
factor  assumed  for  the  load.) 

An  approximation  to  the  most  economical  weight  of  copper  per 
kilowatt  can  be  readily  obtained  in  two  or  three  trials,  and  in  a 
very  few  seconds,  by  observing  whether  the  intersection  of  ordinate 
and  curve  falls  near  the  knee  of  the  curve,  for  if  the  curve  gets 
very  steep,  It  is  obviously  unwise  to  try  and  save  one  or  two  per 
cent,  of  power  at  the  expense  of  several  pounds  of  copper  per  K.  W. 
delivered,  and  if  the  point  of  intersection  on  the  curve  shows  at  a 
very  flat  part,  this  means  that  the  loss  allowed  can  safely  be 
reduced  several  per  cent,  without  materially  affecting  the  copper.* 

Now,  In  Diagram  2,  find  the  intersection  of  the  horizontal  line 
corresponding  to  the  pounds  of  copper  per  K.  W.  delivered  as  found 
in  Dla^am  1,  with  the  vertical  line  corresponding  to  the  kilowatts 


•  For   further  Information   on    the  subject  of  economy  in  conductors   nee   Perrlne't 
Elec.  Condactors,"  chap,  vlll,  where  a  very  full  discussion  of  Kelvin's  Law  may  be  read. 
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per  mile  of  the  line  (total  K.  W.  delivered  divided  by  miles  of 
distance),  and  from  the  closest  curve  outside  this  intersection  is 
obtained  the  nearest  commercial  size  of  wire  to  use  to  obtain  the 
required  results  with  the  given  conditions.  Knowing  the  mechanical 
properties  of  the  conductor  thus  found,  experience  will  tell  the  best 
spacing  to  be  used,  allowing  for  swing,  sag,  length  of  spans,  etc. 
Having  assumed  the  spacing,  and  knowing  the  frequency,  the  ratio 
of  reactance  to  resistance  in  the  line  itself  may  be  obtained  directly 
from  Table  I,  for  any  usual  size  of  wire,  and  from  Table  II  the  drop 
factor  for  the  given  power  factor  of  load  may  be  obtained,  and 
hence  the  line  drop,  which  added  to  the  receiver  voltage,  gives  the 
impressed  e.  m.  f.  at  the  generator  end,  and  consequently  the 
regulation  is  known. 

It  is  obvious  that  these  diagrams  may  be  used  in  reverse  order 
to  determine  also  what  percentage  of  watts  or  volts  loss  would 
occur  in  a  line  with  a  given  size  of  wire  carrying  a  given  quantity 
of  power  at  a  given  voltage,  for,  by  finding  L  on  Diagram  2  cor- 
responding to  the  given  size  of  wire  and  kilowatts  per  mile,  and 
transferring  It  to  Diagram  1  under  the  proper  power  factor  column 
at  right  or  left  for  watts  or  volts  respectively,  and  tracing  a  hori- 
zontal line  to  the  proper  volts  per  mile  curve,  the  per  cent,  loss 
opposite  the  perpendicular  from  this  point  can  be  obtained  in  a 
few  seconds. 

The  main  difference  between  Messrs.  Scott  &  Fowler's  article 
above  mentioned,  and  the  present  one,  is  that  the  former  assume  a 
size  of  wire,  and  work  with  it  to  find  the  total  drop,  impressed 
e.  m.  f.,  etc.,  of  the  system,  necessitating  several  more  or  less 
cumbersome  trials  before  the  best  line  is  derived,  while  the 
diagrams  following  show  how  to  quickly  find  the  best  size  of  wire 
for  any  given  line  of  certain  length,  receiver  voltage,  kilowatts 
delivered,  frequency  and  power  factor  of  load. 

In  most  ordinary  lines  the  static  capacity  of  the  line  itself  is 
negligible  as  compared  with  its  resistance  and  reactance,  and  in 
any  case  Its  effect  is  to  neutralize  reactance,  and  so  reduce  the  total 
.drop  in  the  line,  so  that  no  account  has  been  here  taken  of  that 
factor,  but  it  is  well  to  say  that  lines  calculated  by  these  diagrams 
will  be  amply  large  for  all  ordinary  cases.  However,  on  certain 
long  lines  carrying  heavy  loads,  with  consequently  large  conduc- 
tors, the  question  of  capacity  is  sometimes  very  important,  involviug 
the  supplying  of  charging  current  to  a  considerable  amount,  and  in 
one  or  two  cases  which  have  come  under  the  writer's  observation, 
the  capacity  effect  was  enough  to  require  charging  current,  simply 
to  keep  the  line  alive,  to  the  extent  of  a  large  generator's  full  load 
output. 
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Very  full  information  as  to  capacity  effect  in  lines  may  be  found 
in  Professor  F.  A.  C.  Perrine's  interesting  book  referred  to  In  a 
previous  footnote,*  and  for  all  long  lines  transmitting  large  power 
at  high  voltages,  it  would  be  well  to  work  out  each  case 
individually  with  regard  to  capacity  effect. 

For  the  benefit  of  the  members  of  this  Society  who  may  not  be 
familiar  with  the  article  fronb  which  Tables  I  and  II  are  taken^ 
and  which  was  referred  to  above,  the  following  quotation  from  it 
will  be  of  service: 

"In  a  direct-current  circuit  the  drop  in  voltage  depends  upon  the 
current  and  the  ohmic  resistance.  In  an  alternating  current  circuit 
the  total  drop  depends  not  only  upon  the  current  and  the  ohmic 
resistance,  but  also  upon  the  reactance  of  the  circuit  and  the 
power  factor  of  the  load.  The  method  of  finding  the  drop  under 
given  conditions  is  set  forth  in  an  article  by  Mr.  Mershon  which 
appeared  in  the  March  issue  of  the  Journal,  A  modification  of  that 
method  is  here  described  in  which  the  drop  or  'resistance  volts' 
which  would  result  were  a  direct  current  to  flow  through  the 
circuit  is  first  determined,  and  then  a  'drop  factor'  is  found  by 
which  the  drop  with  direct  current  must  be  multiplied  In  order  to 
obtain  the  drop  produced  by  alternating  current.  The  drop  factor 
depends  upon  three  'things — (1)  the  ratio  between  the  reactance 
volts  and  the  resistance  volts,  (2)  the  power  factor  of  the  load, 
and  (3)  the  percentage  value  of  the  resistance  volts. 
'  "The  first  of  these  quantities  depends  upon  the  size  of  wire,  the 
distance  between  wires,  and  the  frequency.  Table  I  gives  the  ratio 
of  reactance  volts  to  resistance  volts  for  conditions  which  are  most 
likely  to  occur.  This  table  is  readily  deduced  from  the  table  in 
the  article  by  Mr.  Mershon. 

"The  effect  of  the  second  element,  the  power  factor  of  the  load. 
Is  given  in  Table  II,  in  which  the  drop  factors  for  various  ratios 
of  resistance  volts  to  reactance  volts  and  various  power  factors  are 
given.  These  have  been  determined  from  Mr.  Mershon's  chart 
tising  a  resistance  e.m.f.,  equal  to  ten  per  cent,  of  the  delivered 
e.  m.  f. 

"The  third  element,  the  percentage  value  of  the  resistance 
e.  m.  f.,  has  a  relatively  small  effect  on  the  value  of  the  drop 
factor,  so  that  the  values  given,  which  are  determined  for  a 
resistance  e.  m.  f.,  of  ten  per  cent.,  may  be  accepted  as  practically 
correct  for  all  resistance  values  not  exceeding  fifteen  or  twenty 
per  cent.  The  greatest  discrepancy  occurs  when  the  ratio  is  high 
and  power  factor  is  100  per  cent. 


•  "Condaetora  for  Electrical  Distribution/'  by  F.  A.  C.  Perrlne,  published  hj  D.  Van 
lYorstand  Be  Co.  In  1908. 
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'*In  Table  I  the  ratio  of  the  reactance  to  the  resistance  is  given 
for  wire  sizes  ranging  from  No.  6  B.  &  S.  gauge  to  300,000  circ. 
mUs,  for  60  cycles,  and  for  separations  between  conductors  ranging 
from  six  to  sixty  inches.  In  the  same  table  will  be  found  ratios  of 
reactance  to  resistance  for  sizes  of  wire  ranging  from  No.  6  B.  & 
S.,  to  400,000  circ.  mils  for  40  cycles,  and  from  No.  6  B.  &  S.,  to 
500,000  circ.  mils  for  25  cycles,  both  of  these  covering  the  same 
range  of  wire  separations  as  in  the  case  of  60  cycles.  Table  I  also 
contains  ohmic  resistance  per  thousand  feet  of  line  and  per  mile  of 
line  for  the  various  sizes  of  wire  tabulated. 

'Table  II  contains  various  ratios  of  reactance  to  resistance  which 
cover  approximately  the  same  range  as  those  which  appear  in  Table 
I.  Opposite  the  ratios  in  this  table  are  given  the  drop  factors  cor- 
responding to  power  factors  fromi  100  per  cent,  down  to  20  per 
cent.  The  drop  factors  are  determined  for  a  value  of  the  resistance 
volts  equal  to  ten  per  cent,  of  the  delivered  e.  m.  f." 

(Then  follow  several  examples  worked  out  in  the  text  of  the 
article  for  different  conditions,  showing  the  use  of  the  tables.) 

The  writer's  best  thanks  are  due  to  Mr.  R.  A.  Ross  for  help  and 
suggestions  in  connection  with  the  preparation  of  the  present  paper. 

The  following  examples  will  serve  to  show  some  of  the  uses  of 
the  tables: 

Examples. 

Example  /.—Given  E.  M.  F.  at  receiver =  8800 

K.W.  delivered =   750 

length  of  line  in  miles =     12) 

watts  loss  %  allowed =     14% 

frequency =     40  cycles 

power  factor  of  load =     85% 

Tind  total  drop  in  the  line  and  the  e.  m.  f.  at  the  generator  end. 

Calculated  volts  per  mile =   703 

K.  W.  per  mile =r     60 

Prom  Diagram  1,  copper  per  K.W.  dell  v.  =  approximately  54  Ibs- 
Proriij  Diagram  2,  size  of  wire  =  No.  2  B.  &  S. 

reactance 

Frbm  Table  I,  ratio of  No.  2  wire  spaced  18"  (say)  = 

resistance 
0.50. 

Prom  Table  II,  drop  factor  at  85%  P.  P.  =  1.13. 
From  tables  on  Diagram  1,  volts  loss  equivalent  to  14%  wattff 
loss  at  85%  P.  P.  =  11.9. 
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Therefore    total    drop    in    line  =  11.9  x  1.13  =  12.44%    or  =  1182 
volts. 

.'.Generator  end  e.  m.  f.  =  9982  volts. 


Esample  II.— Given  E.  M.  F.  delivered =30000  volts 

length  of  line =       27  miles 

frequency =       60  cycles 

power  delivered =   4300  K.  W. 

P.F.   of  load =       70% 

Design  the  line. 

Calculated  volts  per  mile =  1111 

K.W.  per  mile =     159  « 

From  diagram  1  on  1100  V.  per  mile  curve  the  economical  losses 
must  be  somewhere  between  5%  and  13%,  and  a  good  average  value 
will  be  say  10%. 

Let  us  then  assumie  10%  volts  loss,  therefore  copper  required  = 
33  lbs.  per  K.  W.  for  70%  P.  F. 

From  Diagram  2,  using  33  lbs.  per  K.  W.,  and  :^=159  is  found 

a  size  between  No.  0  and  No.  00  wire,  but  since  point  falls  almost 
on  the  curve  for  No.  0,  let  that  be  taken. 

From  Table  I,  opposite  No.  0  wire  at  60  cycles,  spaced  24" 
(assumed),  the  ratio  of  reactance  to  resistance  =  1.22. 

From  Table  II,  with  ratio  =  1.22,  drop  factor  for  70%  P.  F.=: 
1.56. 

Hence  total  drop  =  10  x  1.56  =  15.6%. 
=  4680  volts. 
•.  B.  M.  F.  at  generator  end  =  34680. 

Note.—The  %  watts  loss  for  70%  P.  F.  corresponding  to  10% 
volts  loss  =  14.3  from  table  at  bottom  of  page.  Taking  14.3%  watts 
loss,  erecting  perpendicular  to  curve  for  1100  volts  per  mile  and 
following  horizontally  to  the  right  to  70%  P.  F.  we  get  33  lbs.  per 
K.  W.,  which  is  the  same  weight  found  for  10%  volts  loss. 

The  power  loss  then  amounts  to  14.3%  x  4300  =   615  K.  W. 

Total  power  required  at  generator  end  of  line  =  4915  K.  W. 

If  we  had  chosen  No.  00  wire  instead  of  No.  0,  this  would  have 
allowed  us  40  lbs.  per  K.  W.  at  159  K.  W.  per  mile  from  Diagram 
2;  and  transferring  40  lbs.  per  K.W.  at  70%  P. F.,  to  Diagram  1, 
on  volts  loss  side,  our  ohmdc  drop  would  be  reduced  to  8%,  as  may 
be  seen  by  tracing  a  horizontal  from  40  lbs.  at  70%  P.  F.,  to  1100 
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V.  per  mile  curve  and  dropping  a  perpendicular  to  lower  horizontal 
scale. 

No.  00  wire  at  60  cycles  spaced  24"  gives  ratio  of  1.50  and  drop 
factor  for  70%  P.  F.  from  Table  II  =  1.77.  Total  drop  =  8  x  1.77  = 
14.16%  or  =  4248  volts. 

Generator  end  e.  m.  f.  =  34248. 

Power  loss  using  No.  00  wire  (8%  volts  loss)  =11.4%  for 
70%  P.P.  and  total  lost  power  =  11.4%  x  4300  =  490  K.W.  or  = 
4790  K.W.  required  at  generator  end  of  line. 

Knowing  the  operating  conditions  of  the  line,  it  can  thence 
easily  be  seen  whether  it  will  be  more  economical  to  use  No.  0  or 
No.  00  wire,  allowing  for  average  and  max.  power  required,  cost 
of  copper  and  cost  of  power  generated. 


Example  ///.—Given  B.  M.  F.   at  receiver..    ..=4600  volts 

length  of  line =      5  miles 

K.  W.  to  be  transmitted. .  =  1750  K.  W. 

P.P.  of  load =     80% 

frequency =     25  cycles 

loss  allowed =  11.5%  watts  loss 

Find  size  of  wire  and  total  drop. 

Calculated  volts  per  mile ^  900 

K.  W.  per  mile =  350 

From  Diagram  1,  copper  required  =  46  lbs.  per  K.  W. 
From  Diagram  2,  size  =  2xNo.  000  per  conductor. 

=  334000  cm. 
Two  courses  are  open,  either  to  use  one  circuit  of  three  con- 
ductors, each  334000  c.nk  in  area,  or  to  split  the  line  into  two 
circuits,  each  consisting  of  three  conductors  equal  to  No.  000  in 
area. 

Consider  both  of  these  cases  with  regard  to  total  drop. 
From  Diagram  1,  the  volts  loss  equivalent  to  11.5%  watts  loss 
for  80%  P.F.=9.2%. 

Case  1.— One  circuit.  From  Table  I,  ratio  of  reactance  to 
resistance  for  334000  c.  m.  wire  spaced  36"  (assumed)  =  1.56 
approximately,  and  from  Table  II  the  drop  factor  at  80%  P.  F.  = 
1.74. 

Hence  total   drop  =  9.2  x  1.74  =  16%  =  720  volts. 
Case   2.— Two  circuits.    With   single   000   wires   we  can   safely 
reduce  the  spacing  to  24  inches,  hence  from  Table  I,  ratio  ^  .78  and 
drop  factor  from  Table  II  for  80%  P.  F.  =  1.26. 

Hence  total  drop  =  1.26  x  9.2%  =  11.6%  :=  520  volts. 
From  this  it  is  easily  seen  that  the  regulation  of  the  line  is 
much  bettered  by  splitting  the  circuit  into  two. 
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DISCUSSION. 

Mr.  Ron  Mr.  R.  A.  Ross  (M.  Can.  Soc.  C.  E.)-~The  main  object  of  this 
paper  is  to  indicate  how  the  tables  given  therein  have  been  obtained. 
With  the  tables  at  hand  it  is  only  necessary  for  an  engineer  to  per- 
form a  small  amount  of  mental  arithmetic  in  order  to  solve  without 
difficulty  any  practical  commercial  problem.  Probably  most  firms 
find  in  practice  that  for  one  transmission  line  which  they  build 
taey  have  to  estimate  on  ten  other  lines  which  are  never  built. 
For  rough  estimates,  such  as  are  necessary  to  ascertain  what  the 
cost  of  a  line  will  be,  the  first  diagram  given  in  the  paper  would 
be  of  great  value  to  an  engineer  in  obtaining  the  information  he 
requires.  From  this  diagram  the  required  number  of  pounds  of 
copper,  per  kilowatt,  can  be  obtained,  and  an  engineer  who 
is  designing  lines  frequently,  will  know  without  looking  at  the 
tables  whether  or  not  he  is  within  the  limit  of  proper  regulation. 

The  diagrams  are  undoubtedly  valuable  for  ordinary  commercial 
work,  but  where  there  is  a  long  line  with  heavy  loads  it  is  advis- 
able to  carefully  check  the  quantity  of  copper  obtained  from  the 
tables  and  to  compute  the  capacity  which  has  not  been  considered 
in  the  construction  of  these  tables. 

There  is  a  60,000  volt  transmission  line  from  Toronto  to  Niagara, 
and  the  entire  output  of  a  2,000  kilowatt  generator  is  necessary  to 
keep  the  line  alive.  The  Kootenay  line  requires  about  1,200  kilovolt 
amperes;  so  that  in  such  long  lines  as  these  it  becomes  necessary 
to  carefully  estimate  the  line  capacity. 

It  is  evidently  not  Mr.  Brown's  intention  that  these  diagrams 
should  be  used  for  long  and  important  lines,  but  merely  for  ordinary 
commercial  purposes. 
Mr.Herdt  PROFESSOR  L.  A.  Herdt  (A.  M.  Can.  Soc.  C.  E.) — Mr.  Brown  has 
worked  out  a  series  of  very  useful  curves  from  which  the  best  size 
of  wire,  on  a  basis  of  watts'  loss,  is  calculated. 

The  calculation  of  a  transmission  line  is  usually  a  work  of  some 
moment,  for  it  means  a  very  large  investment.  It  should  not  be 
done  in  a  hurry.  Instead  of  basing  the  computation  on  an  assumed 
loss  of  watts,  it  seems  to  the  speaker  that  it  would  be  preferable 
to  assume  a  certain  regulation,  or  allowable  loss  in  volts,  instead 
of  an  assumed  loss  in  watts,  although  there  is  no  doubt  that  having 
obtained  the  size  of  wire  required  to  give  a  certain  loss  in  watts, 
the  regulation  is  easily  deduced.  Mr.  Brown's  method  is  neither 
graphical  nor  analytical.  In  specific  problems  it  is  advisable  that 
both  these  methods  should  be  employed:    first  using  the  graphical 
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method  to  obtain  more  or  less  exact  results,  and  hence  to  form  a 
clear  perception  of  the  quantities  involved;  second,  to  employ  the 
analytical  method  involving  complex  quantities  from  which  to 
obtain  the  exact  results.  The  speaker  has  in  his  hands  a  diagram 
which  gives  an  approximate  method  for  determining  the  nearest 
size  of  conductors  for  a  given  regulation.  The  foundation  of  this 
method  is  the  ordinary  voltage  vector  diagram  of  a  transmission 
line,  but  several  modifications  and  a  simple  approximation  are 
employed.  The  diagram  is  not  fully  worked  out,  but  it  will  be 
presented  in  complete  form  at  some  future  meeting  of  this  section. 

In  ordinary  practice  one  generaHy  requires  to  find  out  at  first  Mr.  Ron 
how   much   copper   is  necessary,   and    later  what  regulation   that 
copper  will  give  at  the  receiving  end  of  the  line. 

As  Mr.  Ross  states,  the  matter  is  certainly  one  of  dollars  and  Mr.Herdt 
cents.  In  line  calculation  one  is  much  more  concerned  with  the 
impedance  of  the  line  than  with  its  resistance.  To  a  certain  extent, 
the  loss  in  watts  is  immaterial,  the  chief  object  being  to  ascertain 
what  loss  in  voltage  can  be  taken  care  of  by  regulation.  The  watts' 
loss  in  the  line  means  a  reduced  output  at  time  of  peak  load  only, 
but  the  volts'  drop  has  exactly  the. same  effect. 

For  one  transmission  line  of  sixty  to  one  hundred  miles  there  Mr.RoM 
will  be  twenty  having  a  length  of  ten  miles.    One  must  always  be 
able  to  check  everything  before  construction  is  commenced. 

Mb.  J.  A.  BuBNETT   (A.  M.  Can.  Soc.  C.  B.)— In  the  examples  of  Mr.  Burnett 
calculation  of  three-phase    circuits,    the    space    assumed  for  5,000 
E.  M.  F.,  delivered,  is  twenty-four  inches.    Are  the  spacings  in  these 
examples  based  on  those  used  in  actual  practice,  and   does  the 
question  of  frequency  enter  into  the  diagram? 

The  frequency  does  not  enter  into  the  diagrams  at  all.  It  is  only  Mr.  Brown 
considered  when  reactance  is  taken  into  account  and  the  "drop 
factor"  depends,  as  the  article  by  Messrs.  Scott  and  Fowler  states, 
on  three  things,  (1)  the  ratio  between  the  reactance  volts  and  the 
resistance  volts;  (2)  the  power  factor  of  the  load;  (3)  the  percent- 
age value  of  the  resistance  volts.  Thus  in  getting  the  weight  of 
'  copper  for  a  certain  loss  allowed,  and  in  choosing  the  size  of  wire 
from  diagram  2,  there  is  no  need  to  consider  the  question  of  fre- 
quency until  reactance  and  spacing  are  considered.  The  spacings 
are  assumed  in  some  cases,  though  not  in  all.  Spacing  will  depend 
a  great  deal  on  the  locality  through  which  the  line  will  have  to  pass. 

Mb.   G.   p.   Cole    (S.  Can.  Soc.  C.  B.)— The   following  method   of  Mr.coie 
determining  the  size  of  wire  in  any  specific  case  seems  to  be  even 
more  rapid  than  that  followed  by  Mr.  Brown.    The  method  referred 
to  is  given  by  Mr.  C.  W.  Stone  in  an.  article  which  appeared  in  the 
Electrical    World    of    August    12th,    1905,    entitled    "A    Method    of 
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Mr.  Cole  Determining  Transmission  Circuits."  Mr.  Stone's  table  has  been 
extended  by  the  speaker  from  30,000  up  to  100,000  volts  to  meet  the 
requirements  of  present  everyday  practice,  and  the  results  obtained 
from  the  use  of  this  table  compare  very  closely  with  those  obtained 
by  Mr.  Brown's  method.  All  that  Is  necessary  is  to  first  multiply 
the  number  of  hundreds  of  kilowatts  by  the  number  of  miles  of 
line,  and  with  the  result  thus  obtained  to  find  the  nearest  figure 
to  the  required  voltage  under  the  "volts"  column,  tracing  this 
number  horizontally  to  the  left  until  the  required  size  of  wire  is 
found. 

Taking  example  11  in  Mr.  Brown's  paper,  there  are  4,300  kilo- 
watts, 27  miles  at  30,000  volts. 

43X27  =  1,161. 
'ine  nearest  number  to  this  under  the  column  headed  30^000  volts 
is  1,192.  This  latter  number  is  opposite  No.  0,  B.  &  S.  wire.  The 
same  result  is  obtained  by  Mr.  Brown's  method.  Taking  as  another 
example  the  proposed  City  of  Winnipeg  Power  Scheme,  there  are 
approximately  9,000  kilowatts,  75  miles,  with  a  receiving  voltage  of 
60,000. 

In  this  case  the  calculation  is: 

90  X  75  =  6,750. 

By  referring  to  the  table  under  the  column  headed  "60,000  volts," 
it  is  seen  that  the  number  6,750  lies  between  a  No.  00  and  No.  000, 
B.  ft  S.  wire.  The  speaker  understands  that  it  is  intended  to  use  a 
No.  00  wire. 

Below  is  appended  a  copy  of  the  article  and  table  to  which  refer- 
ence has  been  made. 

Tbanbmibsion. 

A  Method  for  Determining  the  Size  of  TransmiaHon  Ciroutti. 

C.  W.  Stone  (El.  Wd„  August  12,  1905.) 

Tabulation  based  on  transmission  of  100  K.  W.,  assumed  energy 
loss  of  10%  and  P.  F.  85%. 
Formula  used: 

cw 

where  D  =  distance  one  way  in  feet. 
P  =  %  energy  lost  in  the  line. 
E  =  delivered  voltage. 
A  =  cross-sect,  of  each  wire  in  cir.  mils. 
W  =  number  of  watts  delivered. 
C  =  a  constant  whose  value  depends  on  ttio 
Power  Factor. 
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Mr.  Cole  The  value  of  C  for  a  3  0     circuit  operating  at  a  P.F.  of  85%  is 

1,500.  On  the  basis  of  these  assumptions  the  distances  of  transmis- 
sion have  been  determined  for  the  various '  voltages  commonly 
employed  and  for  the  different  standard  sizes  of  wire,  from  No.  6 
B.  &  S.  to  a  cond.  having  an  area  of  500,000  cir.*mils. 

Example — 500  K.W.  to  be  delivered  12  miles  with  10%  of  energy 
loss,  at  85%  P.P.    Delivered  pot.  6,000  volts. 

As  the  tabulation  is  based  on  100  K.W.,' it  will  be  seen  that  in 
the  case  assumed  there  is  5  tim^es  the  amount  of  power  to  be  trans- 
mitted. Referring  to  the  formula,  it  will  be  noted  that  100  K.W. 
can  be  transmitted  5  times  as  far  as  500  K.W.  under  the  same  condi- 
tions with  the  same  losses. 

Thus  if  12  be  multiplied  by  5,  there  is  obtained  a  value  which  is 
equal  to  the  distance  to  which  100  K.W.  can  be  transmitted  over  a 
certain  size  of  wire,  with  losses  as  given  above. 

Referring  to  the  table  under  column  "6,000,"  there  is  found  a 
value  60.44  which  is  opposite  No.  00  wire,  which  is  the  size  of  wire 
to  be  determined.  In  other  words,  100  K.W.  can  be  transmitted 
60.44  miles  with  an  energy  loss  of  10%  at  a  P.F.  of  85%,  with  6,000 
volts  at  receiving  end,  or  500  K.W.  over  a  12  mile  line  with  the  same 
losses  and  with  the  same  delivered  potential  over  the  same  size 
wire. 

In  case  it  is  desired  to  allow  a  smaller  percentage  of  energy  loss, 
it  is  only  necessary  to  take  the  ratio  between  the  energy  loss  and 
the  10%  energy  loss  on  which  the  table  is  based;  i.e.,  if  it  is  only 
5%  loss,  it  would  be  necessary  in  above  table  to  multiply  value  60 
by  2,  which  equals  120.  This  will  require  a  wire  between  250,000  and 
500,000  cir.  mils.  In  most  cases  this  size  of  wire  would  be 
prohibitive,  and  it  would  be  necessary  to  use  a  higher  voltage. 
If  there  be  selected  a  delivered  potential  twice  as  high,  i.e.,  12,000 
volts,  it  will  be  noted  that  under  the  12,000  volt  column  a  value 
120.16  is  found  opposite  No.  2  wire,  which  is  the  size  to  be 
determined. 
Mr.  Ro«a  The    Society    would    be    glad   to   receive    a   copy    of    the    table 

just  mentioned,  Mr.  Brown. 


Mr.  Rom  Professor  Herdt  will  now  read  a  paper  entitled  "Long  Distance 

Electric  Power  Transmission  by  Direct  Current." 

Mr.  Herdt  Mr.  L.  A.  Herdt  (A.  M.  Can.  Soc.  C.  E.)— This  is  a  descriptive 
paper  on  a  subject  that  is  stirring  the  attention  of  the  engineers  in 
Europe,  namely,  long  distance  electric  power  transmission  by  direct 
current. 

This  article,  therefore,  takes  the  opposite  view  to  that  given  In 
the  first  sentence  of  Mr.  Brown's  paper,  in  which  he  says  that  three- 
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phase  transmission  for  alternating  current  is  now  conceded  to  be 
the  only  practical  and  economical  means  of  transmitting  large 
quantities  of  electrical  energy  over  great  distances.  This  is  not  the 
opinion  of  European  engineers.  On  the  other  hand  the  application 
of  alternating  current  to  long  distance  transmission  has  engaged 
and  is  still  engaging  the  undivided  attention  of  Canadian  and 
American  engineers,  who  seem  to  be  rivetted  to  A.  C.  work. 

The  advantages  of  the  revolving  field  alternator  and  of  the 
static  transformer  are  so  great  that  they  have  monopolized  the  field 
of  power  transmission. 

As  the  distances  of  transmission  and  the  amount  of  power  to  be 
transmitted  are  increasing,  the  voltage  has  been  raised,  uzftil  to-day 
50,000  and  60,000  volt  plants  are  operating  with  complete  success. 
Higher  voltages  are  being  considered  for  extremely  long  transmis- 
sions involving  large  amounts  of  power.  Transmitting  40,000  to 
50,000  K.W.  over  a  distance  of  one  hundred  miles  at  60,000  volts. 


/^\'^ist^^*^mt-^^^\^'^ 


Fig.  1. 

requires  a  transmission  line  expenditure  figuring  to  almost  half  the 
cost  of  the  entire  plant.  If,  on  the  other  hand,  higher  voltages  are 
used  troublesome  and  difficult  complications  will  be  met. 

In  Europe  high  tension  direct  current  series  systems  are  in  use 
for  some  of  the  longest  distance  transmissions  and  some  schemes, 
in  which  the  distances  of  transmission  are  150  miles  and  over,  are 
considered  feasible  only  by  means  of  direct  current  transmission. 

Articles  have  appeared  from  time  to  time  in  the  technical  press 
on  the  subject  of  D.  C.  power  transmission.  The  writer,  in  a  visit 
to  Europe  last  year  had  the  privilege  of  visiting  some  of  these 
D.  C.  plants,  and  was  impressed  by  the  strong  claims  made  for  this 
system,  particularly  as  regards  the  transmission  line.  Notes  and 
plates  which  had  been  secured  during  the  trip  were  unfortunately 
almost  totally  destroyed  this  spring  in  the  McGill  University  Engi- 
neering Building  fire;  so  that  the  description  of  this  system  will 
not  be  as  thorough  as  it  might  be. 

The  high  tension  D.  C.  series  system,  or  the  Thury  system,  is  an 
enlargement  of  the  old  Brush  series  system,  with  motor  generators 
substituted  for  the  arc  lamps. 
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The  generators  at  the  generating  station  are  connected  in  series. 
At  the  receiving  end  of  the  line  series  wound  motors  are  connected 
in  series.  The  current  in  the  system  is  kept  constant  at  all  times, 
variation  of  load  being  met  by  a  change  in  the  electromotive  force 
of  the  system.  When  the  plant  is  not  running,  all  the  machines, 
generators  and  motors,  are  short  circuited.  To  switch  in  a  genera- 
tor, the  machine  is  run  up  to  speed  until  it  generates  the  proper 
line  current,  the  short  circuiting  switch  is  then  opened,  the  genera- 
tors being  then  in  series  with  the  line. 

The  motors  are  started  in  the  same  way.  The  short  circuiting 
switch  having  been  opened,  the  brushes,  which  were  placed,  when 
standing  still,  in  line  with  the  axis  of  the  poles,  so  that  one-half 
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Fig.  2. 


of  the  armature  conductors  are  acting  against  the  other  half  posi- 
tion, corresponding  to  no  torque  on  the  armature,  are  slowly  rocked 
forward  in  the  direction  of  rotation,  causing  the  motor  to  start  and 
speed  up.  When  at  full  speed  an  automatic  regulator  working  on 
tue  brush  position  maintains  the  speed  constant,  through  a  regula- 
tion of  the  counter  electro-motive  force  of  the  motor.  The  motors 
are  placed  in  substations  and  drive  at  constant  speed,  generators 
supplying  current  for  local  distribution. 

As  the  load  increases  generators  and  motors  are  started,  being 
thrown  in  series  in  the  line. 

To  shut  down  a  motor,  the  brushes  are  rocked  to  the  non-working 
position,  the  machine  when  stopped,  is  short  circuited. 

At  the  generating  station  the  current  is  kept  constant,  as  the  load 
varies  by  either  working  on  the  speed  of  the  prime  movers  or  by 


Fig.  3. 


Fig.  4. 
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regulating  the  position  of  the  brushes.  In  almost  all  the  plants  the 
regulation  for  constant  current  is  effected  through  speed  control 
of  the  turbines,  the  position  of  the  brushes  remaining  fixed.  To 
distribute  tne  load  evenly  amongst  the  generators  in  the  same  plant, 
an  electromagnetic  governor  is  provided  which  controls  the  speed 
of  all  the  turbines. 


Fig.  5. 


In  the  Moutiers-Lyon  plant  6,300  H.  P.  are  transmitted  a  distance 
of  112  miies  at  a  potential  of  57,600  volts  D.  C. 

Each  genei*ator  unit  is  made  up  of  four  direct  current  270  K.  W. 
3,600  volt  machines,  giving  a  total  of  1,080  K.  W.  per  unit  at  14,400 
volts.  These  four  machines  are  connected  to  a  water  turbine 
operating  under  a  head  of  water  of  215  feet.    Four  sets  are  in  opera- 
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tlon  for  full  load  voltage.  The  regulation  of  the  line  current, 
brought  about  by  controlling  the  speed  of  the  prime  movers,  is 
obtained  by  a  regulating  gear.  As  the  current  in  the  system  is  con- 
stant it  necessarily  requires  constant  torque  prime  movers.  With 
water  wheels  great  difficulties  had  to  be  overcome  to  make  such 
machines  constant  torque  machines.  Mr.  Thury,  for  this  purpose, 
inserts  between  the  wheels  and  the  generators  an  elastic  and  slip- 
ping coupling.  The  slipping  of  this  coupling  protects  the  prime 
movers  from  sudden  strains  due  to  sudden  variations  of  load.  All 
the  generators  are  insulated  from  the  earth,  for,  if  this  was  not 
done,  one  of  the  generators  would  have  to  bear  the  full  difTerence 
of  potential  between  line  and  earth.  In  the  Moutlers-Lyon  plant  all 
the  machines,  electric  regulators,  switchboards,  etc.,  are  carried  on 
insulators  and  placed  on  foundations  of  asphalt  concrete,  a  layer 
of  pure  asphalt  forming  the  flooring. 

The  transmission  line  is  made  up  of  two  No.  000  B.  &  S.  copper 
conductors,  carried  on  triple  petticoat  insulators  placed  on  wooden 
poles.  The  resistance  of  the  line  is  98  ohms,  the  current  carried, 
75  amperes.  As  this  current  is  constant  the  loss  is  551.25  K.  W., 
that  is,  there  is  13%  energy  loss  when  the  plant  is  operating  at  full 
load  potential.  This  means  a  heavy  percentage  loss  when  the  plant 
is  carrying  only  a  portion  of  full  load,  as  this  loss  is  constant 
whatever  be  the  output  of  the  plant. 

There  are  two  receiving  stations,  one  of  which  is  equipped  with 
three  sets  of  2  series  motors  in  series  connection,  of  360  H.  P.  each, 
that  is,  720  H.  P.  to  the  set.  These  motors  are  on  the  same  shaft, 
and  are  direct  connected  to  500  K.  W.  3-phase  alternators  supplying 
light  and  power.  The  second  substation,  2.5  miles  distant,  is  equip- 
ped with  five  twin  motors  of  the  same  size  as  stated  above.  These 
drive  500  K.  W.  generators  D.  C.  for  the  Street  Railway  System  of 
Lyon. 

The  advantage  clalm<ed  for  this  D.  C.  system  is  the  possible  use 
of  much  higher  voltages  than  those  considered  possible  with  the 
A.  C.  system,  and  that  it  does  away  with  the  Inductance  and  capa- 
city effect  of  long  transmission  lines.  An  insulator  that  will  with- 
stand 60,000  volts,  working  voltage,  across  the  wires  of  a  3-phase 
A.  C.  line  should  be  able  to  carry  84,000  volts  D.  C.  as  the  breaking 
down  voltage  for  air  Is  determined  by  the  maximum  value  of  the 
dielectric  stress.  It  has  also  been  pretty  well  established  experi- 
mentally that  the  difference  is  greater  than  the  above  one,  recent 
results  pointing  to  a  ratio  of  nearly  two  to  one. 

If  the  middle  point  of  the  D.  C.  generators  connected  in  series  be 
grounded,  a  60,000  volt  insulator  can  be  worked  at  84,000  volts  or 
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more  above  ground,  or  168,000  volts  between  wires.  This  even 
excludes  questions  of  surging  and  resonance  which  compel  a 
larger  factor  of  safety  in  the  A.  C.  lines.  There  is  no  inductance 
effect  in  the  D.  C.  system,  and  the  conductors  can  therefore  be 
separated  any  distance.  Such  a  condition  naturally  affects  the 
regulation  of  an  A.  C.  line  and  requires  the  wire  to  be  placed  as  close 
as  possible. 

Mr.  D.  Kos,  in  an  article  appearing  in  the  issue  of  the  Electrical 
World  for  October  26,  1907,  works  out  the  relative  costs  of  D.  C. 
and  A.  C.  lines,  assuming  the  same  mazim.um  voltage  between  line 
and  earth.  He  shows  that  with  a  P.  F.  of  80%  the  3-phase  system 
requires  about  three  times  the  weight  of  copper  required  for  the 
D.  G.  system. 

The  total  cost  of  a  power  transmission  system  is  made  up  of: 

1 — The  cost  of  the  generating  station. 

2— The  cost  of  the  substations. 

3 — The  cost  of  the  transmission  lines. 

The  cost  of  the  D.  C.  generating  station  is  greater  than  the  A.  C. 
one.  This  is  due  to  the  smaller  units,  and  consequently  their  greater 
number  for  a  certain  output.  In  the  Moutiers-Lyon  plant  a  1,000 
K.  W.  unit  is  made  up  of  four  machines.  Larger  D.  C.  units  can  be 
built,  but  their  size  is  limited  by  the  voltage  that  can  be  safely 
carried  on  a  commutator. 

The  D.  C.  substations  are  costly  on  account  of  the  small  size  of 
the  motor  generator  sets. 

The  D.  C.  line  is  very  much  cheaper  than  the  A.  C.  one.  It  fol- 
lows therefore  that,  if  the  line  bears  a  very  high  proportion  of  the 
cost  of  the  whole  plant,  the  advantage  of  lower  cost  may  be  with 
the  D.  C.  plant. 

The  relative  cost  per  K.  W.  for  a  power  development  of  45,000 
K.  W.,  with  a  distance  of  transmission  close  to  100  miles,  shows  the 
following  figures: 

Direct  current,  96,000  volts. 

Generating  Plant  (electrical  equipment) . .   . .  $22.50  per  K.  W. 
Transmission   Lines    (cable   and  poles,   10% 

loss) 12.80      "      " 

Substations     (motor     generator     sets     and 

switching) 24.00      "      " 

Total 169.30  per  K.W. 
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Alternating  Current,  S-phase  66,000  volts. 

Generating  Plant  (electrical  equipment) ....  |18.20  per  K.  W. 
Transmission  Lines  (cables  and  towers,  10% 

loss) 28.50      "      " 

Substations  (transformers  and  switches) ....    12.75      " 


Total 159.45  per  K.W. 

The  figures  for  the  D.  C.  proposition  are  a  little  less  than  for  the 
A.  C.  one. 

When  it  becomes  necessary  to  increase  the  voltage  to  double 
the  above  A.  C.  pressure,  the  D.  C.  system  will,  without  doubt,  have 
to  be  very  seriously  considered. 
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Mr.waibank  Mb.   W.   McLea  Walbank    (M.  CJau.  Soc.  C.  E.)— Why   does  one 

have  to  use  steel  poles  in  one  case  and  wooden  poles  in  the  other? 

Mr.Hcrdt  In   alternating  current    high    voltage    transmission  lines   it  Is 

necessary  to  reduce  the  number  of  insulators  as  much  as  possible. 
This  means  long  spans  and  steel  towers.  In  the  D.  C.  line  spoken 
of,  a  Voltage  of  57,000  volts  is  easily  taken  care  of,  and  there  is  no 
objection  in  having  a  large  number  of  insulators.  The  ordinary 
spans  of  100  to  150  feet  are  used  with  ordinary  type  of  triple  petti- 
coat insulators.  Of  course  in  this,  if  wooden  poles  were  used,  the 
cost  would  be  reduced  considerably. 

Mr.w»ib»nk         Are  these  Canadian  prices? 

Mr.Herdt  Ycs,  Canadian  prices. 

Mr.  Bow  Is  not  the  question  between  the  two  systems  one  of  cheapness 

of  line  as  against  complications  in  generating  station  and  substa- 
tion? We  have  been  endeavoring  to  get  away  from  commutators 
and  small  machines,  and  this  D.  C.  system  leads  back  to  them. 
The  cost  of  line  may  be  reduced,  but  the  result  is  a  substation 
which  is  inflexible  and  complicated,  and  where  there  are  a  number 
of  substations  the  flexibility  of  the  alternating  current  is  also  lost. 
Voltages  in  the  last  few  years  have  risen  from  30,000  to  60,000  with- 
out any  trouble.  As  a  matter  of  fact  there  is  one  line  now  being 
built  for  100,000  volts  A.  C.  It  seems  that  the  direct  current  series 
system  is  simply  a  stop  gap  until  the  alternating  current  system 
catches  up. 

Mr.  waii«Dk  Would  it  uot  scem  that  the  maintenance  on  the  D.  C.  would  be 
more  than  the  maintenance  on  the  A.  C.  system? 

Mr.  Herdt  Ycs,  but  What    uow    looks    Objectionable    in    the  D.  C.  system 

may,  in  time,  be  remedied.  This  system  is  new,  it  is  the  work  of 
one  man.    Mr.  Thury  has  developed  the  D.  C.  high  tension  system 


Discussion  on  Electric  Power  Transmission  219 

alone,  practically  unaided.    To  be  able  to  operate  a  plant  at  57,600  Mr.Herdt 
volt  direct  current  Is  a  remarkable  feat. 

There  are  possibilities  In  this  new  system  which  are  well  worth 
looking  Into.  In  Europe  they  do  not  call  them  possibilities  but  real 
facts.  These  systems  have  been  In  operation  for  some  years  and 
the  plants  are  giving  perfect  satisfaction. 

One  of  the  most  serious  problems  In  operating  Is  lightning.  Has  Mr.  Ron 
lightning  proved  troublesome  In  the  D.  C.  system?  In  an  A.  C. 
system  transformers  are  Interposed  between  generating  machinery 
and  the  line,  and  lightning  usually  affects  only  the  transformer. 
In  the  D.  C.  system  Is  It  not  likely  to  damage  a  series  of  machines? 
Further,  with  the  A.  C.  one  generally  uses  two  or  more  lines,  so 
that  in  case  one  breaks  down  the  plant  can  be  used,  at  least 
partially. 

In  the  transmission  of  a  large  amount  of  power  the  lines  are  Mr.  Herat 
subdivided  in  3,  4,  or  more  lines  to  reduce  the  self-induction  and 
improve  the  regulation.    In  the  D.  C.  system  there  is  no  inductive 
effect  and  the  wires  can  be  of  any  size.    As  far  as  the  transmission 
of  power  is  concerned  the  D.  C.  system  is  far  ahead  of  the  A.  C. 

The  meeting  is  deeply  Indebted  to  Professor  Herdt.  Some  of  Mr.  ross 
those  present  knew  that  such  plants  were  in  existence  but  looked 
upon  them  with  more  or  less  doubt  as  being  in  the  experimental 
stage.  Professor  Herdt  points  out  that  the  system  is  beginning  to 
be  considered  seriously  for  the  transmission  of  large  powers  to 
great  distances,  so  that  it  is  advisable  to  obtain  as  much  informa- 
tion as  possible  on  the  matter.  Canadian  and  American  engineers 
tend  to  run  in  grooves  in  their  attempts  to  apply  standard 
apparatus,  whereas  European  engineers  have  the  happy  faculty  of 
carrying  out  new  ideas  and  of  specializing  for  particular  plants  and 
conditions.  Conditions  here  are  such  that  one  simply  has  to  take 
what  is  put  on  the  market  by  the  different  manufacturing  companies 
and  install  it,  because  nothing  else  is  to  be  obtained. 
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MECHANICAL.  SECTION. 

President— J.  A.  Jamieson. 
Vice-President— R.  J.  Durley. 

A  meeting  of  the  Mechanical  Section  was  held  Thursday  evening, 
November  14,  Mr.  J.  A.  Jamieson,  President  of  the  Section,  in  the 
chair.    The  following  paper  was  read  by  the  author: 

PAPKR  No.  357 

NOTES  ON  THE  PURCHASE  AND  USE  OF  HYDRAULIC 
TURBINES. 

By  Wm.  Kennedy,  Jb.,  M.  Can.  Soc.  C.  E. 

As  It  is  of  considerable  importance  to  those  purchasing  and 
using  high  head  turbines  that  the  most  efficient  and  durable  wheels 
procurable  should  be  used,  it  may  be  of  interest  to  know  why  the 
writer  of  this  paper  has  selected  for  recent  high  head  power 
developments  turbines  of  European  design  and  manufacture. 

There  are  so  many  turbine  wheels  made  and  employed  in  this 
country  that  at  first  sight  it  may  seem  strange  to  have  gone  to 
Europe  for  them.  The  reasons  will  be  given  in  the  course  of  the 
following  paper,  and  it  is  hoped  that  they  will  justify  themselves. 

It  is  not  necessary  to  enter  into  details  of  designs  of  turbines, 
such  as  the  proper  curves  for  the  runner  buckets  or  the  shapes 
and  angles  for  the  chutes.  In  fact,  there  do  not  seem  to  be  any 
absolute  rules  known  for  forming  the  bucket  curves,  and  the  guides 
or  chutes  that  direct  the  water  to  the  buckets,  as  different  turbine 
designers  use  different  forms  and  yet  obtain  practically  equal 
results.  Attention,  however,  is  called  to  the  drawings  of  European 
turbines,  appended  to  this  paper,  showing  the  nicely-formed  water 
passages  leading  to  and  from  the  revolving  part  of  the  wheel, 
generally  called  the  "  runner." 

It  is  somewhat  remarkable  that  although  the  turbine  water 
wheel,  commonly  known  as  the  Francis  turbine — that  is,  generally, 
a  turbine  with  inward  discharge,  such  as  is  in  common  use  in  this 
country — is  the  product  of  America,  yet  it  has  been  developed  to  its 
highest  degree  of  perfection  for  high  heads  of  water,  in  Europe. 
The  consequence  has  been  that  until  quite  recently  the  best  designed 
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and  greatest  power  turbines  have  come  to  this  country  from 
Europe,  and  this  in  spite  of  the  fact  that  no  equally  powerful  ones 
were  in  use  on  the  continent  at  the  time. 

The  reason  seems  to  have  been  that,  generally  speaking,  the 
large  rivers  in  this  country  insured  an  abundant  supply  of  water 
which  was  used  under  comparatively  low  heads  and  without  the 
necessity  of,  or  regard  to  economy,  that  prevailed  in  the  more 
mountainous  parts  of  Central  Europe  where  the  quantities  of  water 
are  quite  limited. 

For  ordinary  water  power  purposes,  such  as  would  be  required  in 
saw-mills,  the  old  form  of  flour  mills,  and  small  manufacturing 
establishments,  which  were  in  vogue  in  Canada  until  a  few  years 
ago,  it  was  not  so  necessary  to  have  turbines  of  high  efficiency  with 
their  more  complicated  mechanism,  as  to  have  them  constructea  to 
work  from  month  to  month  requiring  little  or  no  skilled  attend- 
ance and  a  minimum  of  repairs.  With  the  growth  in  size  and 
importance  of  manufacturing  concerns,  the  necessity  for  a  more 
efficient  and  a  better  class  of  turbines  developed.  The  transmission 
of  power  electrically,  and  more  particularly  long  distance  trans- 
mission, soon  brought  about  a  demand  for  turbines  suitable  for  high 
heads  of  water  of  greater  efficiency,  good  material,  and  high  class 
workmanship. 

Previous  to  the  now  general  transmission  of  power  electrically, 
water  powers  situated  in  practically  inaccessible  locations  were  of 
comparatively  little  value  for  manufacturing  industries,  while 
under  present  conditions  they  have  become  very  valuable.  The 
change  came  about  so  rapidly  that  engineers  In  this  country  were 
not  prepared  to  meet  the  new  requirements  in  turbine  design.  On 
the  other  hand  the  conditions  in  the  central  part  of  Europe,  together 
with,  probably,  the  trend  of  thought  and  practice  of  European 
hydraulic  engineers,  had  led  the  latter  into  the  design  and  manu- 
facture of  high  head  turbines,  the  best  in  every  respect  that  could 
be  produced.  The  result  was  that  foreign  engineers  attained  a 
degree  of  efficiency  in  design  and  manufacture  almost  unknown  on 
this  continent,  and  finally  when  the  call  came  for  the  better  type  of 
wheel,  they  were  ready  and  obtained  the  business  of  designing  and 
manufacturing  them  for  use  in  this  country. 

Large  manufacturers  are  now  able  to  place  their  establishments 
in  almost  any  location  they  wish,  and  are  assured  of  electric  power 
at  comparatively  low  ^ost  per  horse  power. 

At  Niagara  Falls,  on  the  American  side  of  the  river,  before  the 
commencement  of  work  on  large  electrical  power  developments, 
there  were  flour  mills,  pulp  mills,  and  factories  using  water  power 
at  from  one-third    to   somewhat  more  than  half   of   the  total  fall. 
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The  balance  of  the  head,  and  hence  the  water,  was  lost  or  wasted, 
and  as  the  turbines  used  In  these  establishments  under  heads  of 
water  varying  from  fifty  to  ninety  feet,  were  not  skilfully  designed 
for  their  duties,  being  in  fact  turbines  of  stock  patterns,  they  gave 
very  considerable  trouble.  Their  defects  were  more  or  less  over- 
come on  the  "cut-and-try"  process,  that  is,  as  each  defect  developed 
a  change  was  made  in  the  materials  or  construction,  until  the  diffi- 
culty was  remedied.  Changes  in  form  and  dimensions  of  the 
defective  part  were  introduced,  but  the  means  employed  were 
decidedly  not  the  results  of  scientific  investigation  and  design. 

Turbines  in  this  country  had  hitherto  been  largely  designed  by 
so-called  practical  men,  mill-wrlghts  or  employees  in  machine 
shops;  the  wheels  when  built  were  tested,  perhaps  in  a  testing 
fiume,  changes  were  made  in  form  and  construction,  and  the  process 
was  repeated  until  good  results  were  obtained  for  the  conditions 
of  test. 

Other  sizes  of  wheels  were  then  made  on  similar  lines,  or  as 
nearly  so  as  possible,  and  thus  "stock"  patterns  and  sizes  were  pro- 
duced, and  the  wheels  sold  as  ready  made  boots  and  shoes  would 
be.  The  wearers'  feet  had  to  adapt  themselves  as  well  as  possible 
to  the  boots  instead  of  the  boots  being  made  to  fit  the  feet,  and  in 
the  same  way  the  conditions  for  which  the  turbines  were  required 
had  to  be  adapted  to  the  stock  patterns  of  turbines,  instead  of  the 
latter  being  made  to  suit  the  requirements  of  individual  c^ses.  In 
Europe,  on  the  contrary,  the  required  conditions  were  stated  and 
the  wheels  were  designed  to  meet  these  demands,  as  a  shoemaker 
would  measure  one's  foot. and  make  shoes  to  fit. 

When  the  first  large  electrical  development  at  Niagara  Falls  was 
being  considered,  prizes  were  offered  by  the  Power  Company  for 
competitive  designs  of  turbines  and  lay-out  of  works,  and  in  general 
the  best  prizes  went  to  Europe.  The  turbines  were  made  for  the 
Power  Company  in  the  United  States — probably  to  avoid  paying 
the  almost  prohibitive  customs'  charges — ^but  from  Swiss  designs 
and  under  the  immediate  supervision  of  a  Swiss  engineer  brought 
from  the  office  of  the  designers  to  this  country,  who,  after  comple- 
tion of  his  duties,  returned  to  Switzerland. 

Nearly  all  the  large  and  most  successful  turbines  installed  at 
Niagara  Falls  since  that  time — with  the  exception  of  those  of  the 
Electrical  Development  Company,  generally  called  the  Toronto  Com- 
pany— are  of  European  design  and  some  of  them  of  European 
construction. 

It  is  possible  (hat  the  designs  of  the  Toronto  Company's  turbines 
may  be  based  on  those  of  their  European  predecessors,  which  are 
quite  convenient  for  study  and  adaptation. 


Cataract  Power  Co.,  Hamilton,  Ont, 
6,000  H.  P.  Turbine. 


Cataract  Power  Co.,  Hamilton,  Ont., 
6,000  H.  P.  Turbine. 
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When  the  Hamilton  Cataract  Power  Ck>mpany  was  organized  In 
1898,  the  writer  became  Its  Hydraulic  Engineer. 

The  design  for  the  lay-out  for  the  power  house  of  this  Ck>mpany 
was  prepared  by  an  engineering  and  manufacturing  company,  per- 
haps, at  the  time,  the  most  prominent  of  Its  kind  In  the  United 
States.  The  Hamilton  Cataract  Power  Company's  plant  was 
designed  for  four  1000  K.W.  generator  units,  to  be  direct  driven  by 
horizontal  shaft  turbines  operating  under  a  head  of  water  of  267 
feet,  and  making  400  revolutions  per  minute;  and  for  two  exciter 
units  making  1200  revolutions  per  minute. 

The  Company  was  committed  to  the  designers  of  the  lay-out  of 
the  power  plant,  to  whom  the  manufacture  of  the  turbines  and 
steel  supply  pipe  had  been  entrusted,  by  a  contract  which  guaran- 
teed the  turbines  to  give  75%  efficiency  of  the  theoretical  power  of 
the  water  discharged.  The  contract,  however,  provided  that  the 
two  exciter  units  and  two  of  the  1000  K.  W.  complete  units 
should  first  be  Installed,  together  with  the  draft  tubes  and  all 
foundation  work  up  to  the  power  house  floor  level  which  was  to 
be  made  ready  to  receive  the  two  further  units  when  required. 
The  contract  was  carried  out,  and,  as  had  been  agreed  upon,  the 
test  for  turbine  efficiency  was  made  by  the  manufacturing  com- 
pany's engineer,  who  had  designed  the  turbines;  the  writer, 
representing  the  purchasers,  the  Hamilton  Company;  and  two 
electrical  engineers  chosen  as  agreed  upon  In  the  contract. 

The  turbines  signally  failed  to  meet  the  contract  efficiency,  and 
as  the  test  had  been  carefully  conducted,  the  contractors  accepted 
the  figures  obtained  as  correct.  A  new  runner  of  slightly  different 
form  was  made  to  replace  the  one  previously  tested;  but  this,  when 
tested  In  Its  turn,  gave  about  equal  results. 

This  closed  the  writer's  connection  with  the  Hamilton  Company 
until  after  his  return  from  Europe,  where  he  had  visited  electric 
power  installations  in  Italy,  Austria,  and  Switzerland. 

He  was  then  consulted  by  the  Company  In  regard  to  the  Instal- 
lation of  the  two  additional  units  for  which  the  draft  tubes  and 
foundations  had  been  provided  and  built  In  place.  The  Company's 
proposal  was  to  double  the  capacity  of  the  two  additional  units, 
making  each  2000  K.W.  instead  of  1000  K.W.  as  originally  Intended. 

As  a  consequence  of  the  information  obtained  In  Europe  of  the 
designing  ability  of  their  engineers,  and  the  efficiency  of  their 
high  head  turbines,  their  workmanship  and  price,  the  writer  felt 
no  hesitation  In  recommending  the  Hamilton  Company  to  take 
tenders  abroad,  as  well  as  in  this  country,  for  the  proposed 
additional  turbines. 


II 

II 
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The  fixed  conditions  for  design  were: 


U)  The  head  of  watei%  oJ  about  267  feet. 
(2)  Power  Buffldent  for  a  2000  K.  W.  machine  wiyy 
etc.p  making  a  total  of  about  3000  H.  P,       ^M 
13)  The  speed,  286  revolutions  per  minute.  ^* 

(4)  The   floor  space  occupied  to   be  the  same  or  vi 

greater  than  that  provided  Tor  In  the  original  d 
units  of  hatf  the  capacity. 

(5)  That    the    branch    supply    pipe,    foundations,    dn 

and  drainage  pipes  for  relief  valves,  already 
crete,  be  utilized  as  far  as  possible. 


r  h||l 


The  time  Tot  manufacture  and  InBtaUatlon  of  these  n 
being  limited,  the  writer  at  once  proceeded  to  Europe  and 
prelim hiary  plans  and  tenders  from  England,  Switxerlai: 
and  Hungary.  The  most  satisfactory  ones  were  receli 
Milan.  The  preliminary  design,  prepared  in  about  three  «3 
the  requirements  exceedingly  well,  and  the  work  was  cai 
with  practically  no  change  in  the  design. 

The  branch  pipe  leading  to  the  turbine  case,  already 
required  no  change  except  at  the  upper  end,  which  was  en 
furnish  the  extra  supply  of  water  necessary  for  the  larger 
The  draft  tube  was  used.  and.  curiously  enough,  its  upper  c 
Ing  end  was  diminished  in  capacity  by  inserting  a  ta^ 
Even  the  same  drain  pipes  were  used,  the  design  being 
conceived  and  executed.  The  floor  space  required  was  ] 
that  for  the  1000  K.  W.  units  then  in  use.  The  cost  of  th 
pleted  units  was  at  least  $10,000  less  than  the  American  d 
tender  for  turbines  of  very  Inferior  design* 

H  will  be  seen  from  the  plans  that  the  Italian  design  pro 
well  formed  water  passages,  with  no  abrupt  changes  in 
dimensions,  and  no  corners  where  water  eddies  may  be  fc 

It  is  interesting  to  go  back  a  little  in  poiat  of  time  and 
American  and  European  methods  of  turbine  design  and 
busineis. 

After  the  flrst  or  smaller  turbines  had  failed  in  the 
testa,  and  the  second  or  larger  units  had  been  called 
United  States  manufacturers  of  the  former  sent  their  en| 
Europe  to  obtain  designs  for  turbines  to  replace  the  eo 
ones.  They  also  desired  to  get  designs  on  which  to  prepar 
for  the  larger  units.  Their  engineer  went  to  Geneva,  whei 
talned  designs  for  the  smaller  units.  He  did  not  make  kni 
theie  were  wanted,  nor  did    he    refer    to    making    larger 
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Upon  his  return  to  this  country,  the  manufacture  of  turbines  was 
commenced  from  the  new  design  to  replace  the  condemned  wheels, 
and  a  tender  was  submitted  for  the  new  and  larger  ones,  the 
intention  being  to  design  them  on  the  same  lines  as  the  smaller 
units. 

The  writer  submitted  his  plans  and  specifications  for  the  larger 
turbines  to  the  Geneva  turbine  makers,  and  after  careful  study  and 
partial  designing  they  reported  that  their  particular  form  of  wheel, 
with  outward  discharge,  was  unsuited  to  comply  with  the  specilied 
conditions.  They  believed,  however,  that  other  forms  of  wheels 
would  meet  the  requirements  as  proved  to  be  the  case  with  the 
Italian  turbine. 

In  the  meantimie,  however,  the  United  States  manufacturers 
sent  in  a  tender  and  offered  to  meet  the  conditions,  working  on  the 
line  of  the  Greneva  designs,  of  which  the  experts  themselves 
admitted  the  unsuitability. 

About  three  years  later,  the  Hamilton  Company  decided  to 
again  largely  increase  the  capacity  of  its  works.  In  1903  tenders 
for  two  units  of  6000  H.  P.  each,  with  provision  for  two  further 
equal  units,  were  called  for.  After  a  further  visit  to  Europe  and 
ofters  received,  those  of  a  German  manufacturer  were  chosen. 

In  the  specifications  for  these  turbines  a  certain  efficiency  was 
required,  and  a  bonus,  in  the  form  of  a  percentage  of  the  contract 
amount,  was  offered  if  a  specified  greater  efficiency  were  obtained. 
A  still  further  percentage  bonus  was  offered  if  a  yet  greater  effi- 
ciency were  obtained  from'  the  turbines.  This  greatest  efficiency 
was  actuary  attained  in  the  test,  which  was  very  carefully  carried 
out.  The  quantity  of  water  discharged  was  measured  over  well 
formed  weirs,  the  weirs  being  provided  for  when  the  works  were 
being  built.  Two  hook  gauges  placed  in  the  tail  race,  about  sixty 
feet  apart,  were  used  for  the  water  measurements,  and  their  read- . 
Ings  checked  very  accurately  with  each  other. 

The  specified  total  power  of  each  turbine  was  6100  H.P.  under  a 
head  of  water  of  263  feet;  but  the  actual  power  obtained  on  the 
test  of  one  unit  of  the  first  contract  was  slightly  over  7000  H.P. 
under  a  head  of  263  feet,  and  a  recent  test  of  a  turbine  on  a  second 
contract  showed  a  little  greater  horse  power  under  the  same  head, 
the  total  power  as  well  as  the  efficiency  greatly  exceeding  the 
guarantees. 

The  experience  of  the  Ontario  Power  Company  with  respect  to 
their  turbines  at  Niagara  Falls  was  of  a  similar  nature. 

Shortly  after  the  award  of  the  contract  for  the  6000  H.  P.  tur- 
bines just  referred  to,  the  writer  was  consulted  by  the  Ontario 
Power  Company  in  reference  to  turbines  for  their  very  extensive 
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works  which  were  then  being  built.  Designs  were  already  In  hand 
and  tenders  had  been  received  from  an  American  Company;  bat 
again  the  writer  of  this  paper  recommended  European  competition. 
Designs  and  tenders  were  received  from  Switzerland,  Germany,  and 
Hungary,  the  German. tender  again  receiving  the  preference. 

The  accepted  tender  provided  for  three  units  of  11.234  H.  P.  each. 
The  engineer  of  the  Ontario  Power  Company's  works  reported  that 
at  the  test,  under  a  head  of  200  feet,  instead  of  175  as  specified, 
14,000  H.  P.  was  transmitted  to  the  shaft. 

These  turbines  have  proved  so  satisfactory  that  two  or  three 
extra  units  have  been  ordered  since  the  first  three  were  put  into 
operation  and  tested.  The  writer  has  no  figures  to  give  of  the 
efficiency  obtained  from  the  larger  units  at  the  tests.  The  condi- 
tions were  such  that  it  was  very  difficult  to  provide  means  for 
accurate  measurements. 

It  seems  that  the  Italian  turbine  of  3000  H.  P.,  the  German  one 
of  7000  H.P.,  and  latterly  that  of  14,000  H.  P.,  also  of  German 
design,  have  each  in  turn  developed  power  greater  than  that 
obtained  from  any  other  turbines  until  then  in  use.  The  money 
saved  by  accepting  the  European  instead  of  those  of  American 
make  has  been  considerable. 

In  examining  the  plans  of  these  turbines,  notice  should  be 
taken,  as  before  remarked,  of  the  nicety  and  regularity  of  the 
curves  for  water  passages,  of  the  comiparatively  small  case  used, 
and  hence  the  exceedingly  great  velocity  of  the  water  in  the  tur- 
bine case  before  it  reaches  the  **  runner."  The  reasons  advanced 
for  this  by  the  manufacturer's  chief  engineer,  and  the  undoubted 
success  of  the  turbines,  seem  to  favor  this  design. 

As  there  was  practically  no  demand  In  this  country  for  high 
class  turbines  for  heads  of  water,  of  say  100  feet  and  upwards,  this 
continent  was  completely  behind-hand  in  the  design  of  such  tur- 
bines, nor  could  American  Engineers  at  once  be  trained  to  design 
the  improved  form  of  wheels.  As  has  already  been  pointed  out, 
foreign  wheels  had  in  consequence  to  be  imported  and  their  use 
has  been  amply  justified. 
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DISCUSSION. 

Mb.  J.  A.  Jamieson  (M.  Can.  Soc.  C.  E.) — Mr.  Kennedy  has  .Just  Mr.jamieson 
given  a  very  interesting  address,  in  which  he  has  outlined  the 
general  reasons  for  his  preference  of  European  wheels  for  use  under 
high  heads,  rather  than  those  of  American  design  and  manufacture. 
It  is  to  be  hoped  that  there  will  now  be  a  thorough  discussion  on  this 
yery  important  subject  of  turbines. 

Can  it  be  said,  Mr.  Kennedy,  that  Canadian  and  American  manu- 
facturers are  commencing  to  design  and  manufacture  wheels  that 
will  more  nearly  compete  with  those  of  European  make  than  has 
been  the  case  in  the  past? 

Mb.  W.  Kennedy,  Jb.  (M.  Can.  Soc.  C.  E.)— One  company  in  the  Mr.  Kennedy 
United  States  has  made  arrangements  with  a  European  firm  to 
manufacture  their  design  of  turbines  in  this  country,  the  European 
'Company  furnishing  the  plans  and  the  services  of  an  engineer. 

Mb.  W.  F.  Tye  (M.  Can.  Soc.  C.  E.)— Are  you  at  liberty  to  quote  Mr.Tye 
prices,  Mr.  Kennedy?    It  always  adds  immensely  to  the  interest  and 
value  of  a  paper  if  prices  are  given,  as  it  is  very  difficult  for  out- 
siders to  obtain  such  information. 

Unfortunately,  exact  prices  are  not  at  hand,  but  it  may  be  stated  Mr.  Kenocdy 
that  the  prices  paid  for  turbines  of  European  design  have,  in  every 
case  coming  within  the  speaker's  experience,  been  very  much  less 
than  any  quotation  which  could  be  obtained  for  machines  of  equal 
capacity  of  American  manufacture. 

Mb.   W.   McLea  Walbank    (M.  Can.  Soc.  C.  E.)— How   does   the  Mr.  waiunk 
price  of  the  German  wheel  compare  with  that  of  the  Swiss? 

The  cost  of  the  German  wheel  was  less  than  of  the  Swiss,  not-  Mr.  Kennedy 
withstanding  the  surtax,  and  it  was  quite  as  good. 

It  would  be  interesting  if  Mr.  Kennedy  would  outline  the  differ-  Mr.Jamieeou 
ences  between  the  Italian    and    German    wheels.     Are  there  not 
important  points  of  ditterence  between  them? 

The  Italian  wheel  to  which  the  speaker  refers  is  a  single  wheel  Mr.  Kennedy 
discharging  on  one  side  only.  There  is  a  peculiarity  about  turbines 
under  high  heads  which  is  very  interesting  and  important,  that  is, 
whether  the  buckets  of  the  turbines  will  continue  to  do  duty  without 
pitting  or  cutting  away.  This  pitting  does  not  seem  to  be  due  to  the 
action  of  what  might  be  called  "dirty  water."  It  sometimes  takes 
place  in  one  part  of  the  buckets  and  sometfmes  in  another,  even  on 
tne  back  where  the  water  does  not  strike.  The  pitts  look  much  the 
same  as  blow  holes  in  castings,  giving  an  appearance  of  unsound- 
ness.   The  real  cause  of  the  pitting  is  faulty  design,  preventing  the 
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water  from  flowing  through  smoothly  and  inducing  eddies.  The 
holes  are  undoubtedly  due  to  pitting  and  not  to  wear.  The  same 
action  has  been  seen  on  steel  and  bronze  castings,  and  engineers 
have  been  known  to  wrongly  condemn  such  castings  as  unsound. 

The  Italian  wheels,  which  have  been  mentioned,  have  been  run- 
ning for  six  years,  and  when  last  examined  were  apparently  as 
perfect  as  on  the  day  they  were  put  In.  On  the  other  hand,  the 
runners  of  the  small  turbines  previously  Installed  were  pitted  and 
cut  through,  and  the  buckets  were  badly  cut  away  after  only  a  few 
months'  use. 

The  trouble  was  not  then  in  any  way  due  to  acids  or  corrosive 
matter  in  the  water  which  would  Injure  the  buckets? 

No.  The  large  and  small  wheels  had  been  running  side  by  side 
in  the  same  water.  The  trouble  was  due  solely  to  Imperfection  of 
design.  If  the  water  Is  allowed  to  form  eddies,  or  unfilled  spaces 
occur,  then  this  condition  will  result  whether  the  material  be  of 
cast  iron  or  of  bronze. 

Mb.  M.  a.  Sammett  (A.  M.  Can.  Soc.  C.  B.) — Is  there  any  par- 
ticular curvature  in  the  design  of  water  wheel  blades  or  buckets 
which  best  n^eets  the  requirements?  It  has  been  said  that  the 
elliptical  shape  of  curvature  gives  most  satisfactory  results.  Some 
tiuLe  ago  the  speaker  examined  two  sets  of  buckets  which  had  been 
removed  from  Impact  wheels  used  In  connection  with  a  high  head 
Installation  In  California.  The  buckets  of  the  elliptical  shape  did 
not  show  any  sign  of  wear,  whereas  those  of  the  circular  shape 
were  badly  pitted  through  by  the  eddying  currents  of  the  water. 

What  has  been  your  experience  of  pitting  under  low  heads,  Mr. 
Kennedy? 

It  does  not  seem  to  take  place  under  heads  of  less  than  25  feet. 

The  Mexican  Company  are  having  no  difficulty  with  their  run- 
ners under  a  head  of  1,100  feet.  The  turbines  are  of  Swiss  manu- 
facture of  about  7,500  H.  P.  The  same  type  of  wheel  is  also  used 
for  a  head  of  2,200  feet. 

This  certainly  shows  excellent  designing  for  such  high  heads. 
The  speaker's  experience  has  not  been  with  turbines  operating 
under  heads  as  high  as  2,200  or  even  1,100  feet.  The  Pelton  shape 
buckets,  which  are  probably  familiar  to  all  present,  are  operated 
under  heads  of  600  or  800  feet  and  upwards.  One  of  these  wheels, 
after  working  for  two  years  under  a  head  of  700  feet,  was  Intact, 
not  even  its  paint  being  worn  off.  At  Niagara  Falls  wheels  were 
in  use  at  the  pulp  and  flour  mills  under  about  one-half  of  the  total 
available  head,  the  water  being  allowed  to  discharge  about  half  way 
down  the  cliff.  The  turbines  in  use  there  were,  for  the  most  part, 
severely  pitted;    but  this  was  no  doubt  due  to  the  fact  that  they 
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had  been  taken  from  stock  patterns  which  had  been  designed  for  Ur.  Kennedy 
lower  heads,  and  consequently  the  runners  could  not  be  made  to 
stand.    The  holes    in    the   backs   of   the   buckets  were  frequently 
sufficiently  large  to  allow  an  ink-bottle  to  be  passed  through. 

At  how  many  points  do  the  German  wheels  take  water?  Mr.waibank 

At  32  points.  Mr.  Kennedr 

Mb.  W.  Clinton  Brown — It  would    be    of    much  interest,  Mr.  Mr.  Brown 
Kennedy,  to  know  what  efficiency  was  obtained  from  the  Italian 
and  German  wheels. 

The  efficiency  of  the  German  wheels  was  about  80%,  for  which,  Mr.  Kennedy 
under  the  terms  of  the  contract,  a  $6,000  bonus  was  given.    There 
was  no  opportunity  of  testing  the  Italian  wheels  accurately,  but 
their  efficiency  was  about  80%. 

It  has  been  the  speaker's  impression  that  the  Mexican  or  South  Mr.  Brown 
American  wheels,  referred  to  by  Mr.   Tye,  were  impulse  wheels. 
This  impression  has  been  verified  by  a  gentleman  now  present  who 
was  in  the  employ  of  the  Eisher  Weiss  Ck).  when  the  wheels  were 
designed.    They  were  designed  for  a  head  of  2,200  feet. 

Any  information  which  Mr.  Brown  could  give  regarding  the  for-  Mr.jamieaon 
mation  of  pitts  in  impulse  wheels  would  be  of  value. 

This  pitting  seenLS  in  certain  instances  to  be  due  to  chemical  Mr.  Brown 
action,  for  it  takes  place  more  rapidly  in  cast  iron  than  in  brass. 
Brass  will  stand  where  cast  iron  will  not,  and  babbitt  will  stand 
where  brass  fails.  The  chemical  action  seems  to  vary  with  the 
velocity  of  the  water.  There  was  an  excellent  illustration  of  this 
at  the  Canadian  Copper  Company's  mines,  where  a  turbine  pump, 
working  under  a  head  of  84  feet,  was  supplying  water  for  the 
tuyeres.  It  became  necessary  to  obtain  more  water,  and  a  fire  pump 
was  therefore  also  set  to  work.  As  this  pimip  was  designed  for  a 
head  of  300  feet,  the  water  rushed  through  it  with  great  velocity. 
The  low  head  pump  had  been  operated  for  two  years;  but  the  high 
velocity  pump  was,  within  a  few  months'  time,  completely  eaten  by 
the  acid  in  the  water.  Slight  impurities,  which  pass  unnoticed  at  low 
velocities,  thus  seem  to  have  a  rapid  chemical  effect  when  the  water 
is  moving  with  a  high  velocity.  At  the  Dominion  Coal  Company's 
plant  a  phosphor  bronze  rod  was  cut  almost  in  two  within  six 
weeks'  time  under  the  action  of  rapidly-flowing  water.  The  rod 
was  about  an  inch  and  a-half  in  diameter,  and  that  part  over  which 
the  water  was  passing  at  low  velocity  was  not  noticeably  affected. 

There  is  a  pitting  in  impulse  wheels  which  is  due  to  the 
mechanical  action  of  impurities  in  the  water,  but,  on  the  whole,  the 
impact  wheels  probably  do  not  suffer  as  miuch  as  wheels  of  other 
types. 
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The  chemiciil  action  of  eorae  waters  has  undoubtedly  i 
tnto  account.  Id  one  caee  the  water  pUted  rlsbt  throui 
of  a  boiler  which  had  only  been  in  use  one  aeason^  and 
the  shell  of  the  holler  Itself  was  perforated  as  If  wit! 
This  occurred  at  St.  John,  where  the  water  was  betng  t 
a  small  lake.  The  action  of  the  vegetable  acid  in  the  ^ 
it  impossible  to  nee  any  boilers  in  that  dlstrlet  for  mor 
season. 

A  similar  case  can  be  cited  of  a  turbine,  certain  pari 
were  made  of  cast  Iron  and  tasted  only  a  very  short  ti 
was  a  small  amount  of  acid  in  the  water.  The  parts  we 
In  brass  and  lasted  much  longer.  They  were  afterward 
babbitt,  and  after  two  years  show  no  sign  of  pitting.  F 
kind  seem  to  indicate  that  the  action  is  to  a  certa 
chemical  one,  although  In  certain  cases  it  may  be  due  t 
design. 

This  action  only  appears  to  be  a  chemical  one,  and  i 
the  velocity  of  the  water  increases  the  pitting  action 
This,  however,  does  not  explain  the  case  referred  to  \ 
were  two  wheels  running  side  by  side,  one  of  which  bei 
through,  while  the  other  remained  intact  for  years.  It 
that  the  form  of  the  buckets  was  here  at  fault  In  not  a 
water  to  flow  through  smoothly.  This  deduction  is  fu: 
out  by  the  fact  that  in  certain  casei  when  Italian  eng 
met  with  this  difficulty  In  pumps  of  their  own  design,  thi 
the  defect  by  merely  cutting  and  rounding  off  the  outer 
buckets  to  a  certain  distance.  After  this  was  done, 
action  ceased.  It  seemed  that  the  buckets  had  been  t 
the  guides. 

Ma.  J.  L.  Ajxison   (M.  Can.  Soc.  C.  EJ^Are  scroll  ca 

Scroll  cases  are  pTeferred  and  used  whe^iever  po£ 
speaker  knows  of  one  instance  where  the  ordinary  Am 
was  taken  off  and  the  scroll  case  substituted^  giving  i 
results.  This  was  under  a  head  of  about  60  feet.  The 
are  designed  from  measurements  of  the  velocity  of  the 
by  means  of  pressure  gauges,  and  in  them  the  water  alw 
the  right  direction.  In  the  German  wheels  of  th 
Cataract  Power  Company,  the  water  passing  through  tb 
a  very  high  velocity. 

An  Interesting  example  of  an  impulse  wheel  instailf 
by  the  Doble  Company  of  San  Francisco,  in  which  th< 
wheels  mounted  on  one  shaft  running  under  heads  of  1,5 
feet  respectively:  the  two-wheel  runners  and  generators  t 
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on  two  bearings  only.    They  are  developing  16,000  H.  P.,  and  are 
giving  no  trouble. 

Everyone  will  agree  with   Mr.   Kennedy  that  in  this  country  Mr.  waibauk 
"semi-ready"  rather  than  specially  designed  wheels  have  perforce 
been  used.    The  stock  patterns  have  been  adapted  to  the  required 
heads. 

The  Montreal  Light,  Heat  and  Power  Ck)mpany  are  now  getting 
six  or  eight  wheels  built  on  the  Swiss  pattern  by  a  Canadian  firm. 
They  are  being  built  in  Montreal,  and  the  governors  for  them  are 
being  procured  in  the  United  States  from  the  designs  of  Swiss 
engineers. 

Perhaps  Mr.  Allison  could  tell  something  about  the  wheels  of  Mr.Janjieson 
Swiss  design  used  at  Copper  Cliff,  and  also  what  make  of  wheel 
was  used? 

The  Francis  wheel  Is  being  ii?ed.  Mr.  AUiron 


MIKING   SECTION. 

President — J.  E.   Hai^dsia!?. 

Vlce-PreBldent--G,  H*  Duogak, 

A  meeting  of  the  Mining  Section  was  held  on  Thursday 
Novemljer  21,  Mr,  J.  E.  Hardman,  President  of  the  Seclio 
chair.    The  followiag  paper  was  i*ead  liy  the  author: 

PAPER   No.  ^08 

CHROME   IRON   MINING    IN   CANADA. 
By  H,  F.  Stranoways,  B.A. 

Within  the  last  few  years  there  has  been  a  large  jne^ 
consumption    of  chroniluni    in   the  Arts-     This  increase 
chiefly   caused    by   the    large   demaud    for   chfoniium  salt 
tanning  industry   to   furnish  a  substitute  for  the  add   In 
bark,  the  Increasing  use  of  chronae  brick  for  refractory 
and   of   ferro-chronie  alloys   for   special  steela.     Chrome, 
is  used,  and  Is  lUiely  to  be  used  in  the  future,  to  a  mucl 
extent  ia  the  manufacture  of  chromium  salts  than  for  a 
purpose. 

The  Eastern  Townships'  deposits  all  He  in  the  region  I 
the  "serpentine  belt."  The  centre  of  the  deposits  Is 
approximately  at  the  little  village  of  Black  Lake,  In  the  ''. 
of  ^wOleraine,  but  the  productive  region  may  b©  said  to  eatt< 
radius  of  about  five  miles  from  this  village.  All  the  distr 
which  chrome  Is  now  shipped  lie  within  ten  miles  of  Bla 
The  Quebec  Central  Railway  passes  through  this  region,  3 
of  the  chrome  pits  are  more  than  seven  miles  from  the  trs 
journey  from  Montreal  is  made  either  by  the  Canadian  Pac 
way  or  Grand  Trunk  Railway  as  far  as  Sherbrooke,  and  fro 
by  the  Quebec  Central  Railway  to  Black  Lake  or  Thet 
distance  frcim  Montreal  to  Black  Lake  being  160  miles. 

Chrome  iron  mining  was  begun  in  this  region  in  1894,  a 
a  comparatively  recent  date  was  carried  on  in  a  very  s 
manner.  The  production  up  to  1S98  amounted  to  a  total 
10,000  tons,  while  in  1905  alone  it  amounted  to  7,000  ton! 
1900  it  had  iucreaaed  to  nearly  9,000  tons.    The  greater  p 
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the  ore  is  shipped  to  the  United  States.  Ore  which  is  sufficiently 
rich  to  be  shipped  without  concentration  is  termed  "Crude,"  and 
grades  from  45%  and  upwards  of  chromic  acid  or  sesquioxide. 
Concentrates  also  are  shipped  and  paid  for  according  to  grade.  The 
prices  paid  for  both  "crude"  and  concentrate  vary  between  |9.00  and 
112.50,  the  price  depending  on  the  grade  or  percentage  of  Cr  O 
contained. 

In  the  earlier  years  of  this  industry  in  Quebec  there  wer«  large 
numbers  of  small  producers,  whose  inability  to  keep  their  contracts 
forced  buyers  to  make  their  purchases  elsewhere.  The  competition 
of  the  European  and  the  New  Caledonia  ores,  together  with  the 
irregular  and  pockety  nature  of  the  Quebec  ore  bodies  then  being 
worked,  was  answerable  for  this  state  of  affairs.  Mining  was  car- 
ried on  by  means  of  open  pits,  and  all  the  ore  was  taken  out  as  soon 
as  it  appeared.  When  the  ore 'body  pinched  out,  as  happened  in 
most  cases,  there  was  no  chrome  ore  forthcoming  to  enable  the 
mine  owners  to  keep  their  contracts;  hence  purchasers  in  the 
United  States  became  disinclined  to  contract  for  Quebec  ore,  and  in 
consequence  the  pits  closed  down,  as  either  the  uncertainty  of  find- 
ing more  ore,  or  the  dead  work  necessary  to  extract  it  when  found, 
proved  too  great  a  handicap  to  the  small  producer. 

\^e  consequence  is  that  at  the  present  day  there  are,  scattered 
all  over  this  region,  numbers  of  small  pits  from  which  crude  ore 
has  been  taken  and  shipped,  the  pits  themselves  having  been 
eventually  abandoned.  The  success  of  chrome  mining  is  due  not  to 
mining  men,  but  to  those  not  immediately  connected  with  the 
industry,  and  the  credit  for  putting  the  industry  upon  a  solid  basis 
and  establishing  a  reputation  for  the  Quebec  product  should  be 
given  to  Mr.  J.  N.  Greenshields,  of  Montreal,  who  is  the  principal 
shareholder  in  the  Black  Lake  Chrome-Asbestos  Company. 

Geology. 

The  geology  of  this  region  is  rather  complex,  and  it  is  only 
necessary  to  state  that  the  chrome  deposits  all  lie  in  what  is  known 
as  the  "serpentine  belt."  This  serpentine  represents  the  alteration 
of  a  perldotite,  which  was  intruded  through  sedimentary  rocks» 
probably  of  Cambrian  age. 

Chroroite  has  been  found  only  in  peridotites  and  allied  magne- 
sium rocks,  or  in  serpentines  which  have  resulted  from  the 
alteration  of  these  rocks.  It  is  true  that  there  are  alluvial  deposits 
of  chrome,  but  these  can  be  traced  back  to  the  original  peridotite 
rocks.    The  New  Caledonia  deposits  are  of  this  type. 

Up   to  the   present   time  comparatively   little  investigation  has 
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been  made  Into  the  orjgin  of  ebromlte  deposits.  The  the 
forward  by  Pralt^  Vogt,  Adams,  and  others  is,  that  d?p< 
chrome  ore*  wherever  found,  are  segregations  whicl 
crystalltzed  out  from  Igneous  magmas  on  cooling*  Pratt, 
in  apoaklag  of  the  North  Carolina  deposits,  says:  "'My  ohsei 
have  shown  that  large  deposits  of  chromlte  occur  In  the  pi 
rocks,  near  the  contact  of  these  rocks  with  the  enclostng 
Also,  that  w^here  there  Is  hut  a  small  amount  of  chroniite*  e 
pockets  or  cryetals,  these  are  more  abundant  near  the  coni 
diminish  in  number  towards  the  centre  of  the  mass, 

'■The  constant  occurrence  of  the  ehromlte  in  rounded  m* 
varying  size  near  the  contact  of  the  peridotite  with  the  gne 
Ita  occurrence  in  the  fresh  as  well  as  in  the  altered  peridottt 
Indicate  that  the  chromite  was  held  In  Eotutlon  in  the  molt 
of  the  peridotite  when  It  was  in  tended  into  the  country  rt 
that  it  separated  out  among  the  first  minerals  as  this  mas 
to  cooK" 

This  theory  of  aegregutlon    can    very    w^^ell    be    applied 
Eastern  Townships'  deposits,  as  regards  the  proximity  of 
bodies  to  the  contact. 

Nearly  all  the  pits  which  have  been  worked  lie  close  to  i 
tact  between  the  serpentine  and  the  country  rock,  which 
probably  Cambrian.  At  No,  1  pit  of  the  Black  Lake 
Asbestos  Co.  the  actual  contact,  although  covered,  is  not  ' 
from  the  ore  body;  the  contact  In  this  case  Is  between  se 
and  a  chlorittc  schist.  At  the  Caribou  pit  the  geological  t 
cannot  be  obtained  on  account  of  tiie  heavy  covering  of  di 
No*  5  pit  the  contact  Is  close  to  the  pit,  being  the  same  as 
No,  1.  At  the  Montreal  pit  the  contact  is  within  50  yardj 
ore  body;  in  this  case  it  is  between  the  serpentine  and 
diabase  which  evidently  was  Intruded  at  the  point  of 
contact  between  the  serpentine  and  the  earlier  sediments. 

Even  if  the  ore  bodies  were  not  near  the  contact  the  i 
and  pockety  nature  of  these  deposits  would  lead  one  to  act 
theory  of  segregation*  The  irregularity  is  further  accenti 
an  extensive  fracturing  and  faulting  which  has  taken  plai 
ore  sometimes  occurs  as  large  masses  of  *'crude/'  w^hich  g 
die  away  or  disseminate  into  concentrating  ore  and  then 
barren  rock.  Sometimes*  however,  the  *'crude"  will  separate 
from  the  barren  rock  without  any  gradual  transition,  sugg 
possible  re -arrangement  by  underground  waters,  although 
cases  in  which  this  happens  the  rock  face  will  he  four 
sllckenslded  so  that  this  clean  separation  may  more  prol 
due   to   the    extensive  fracturing  and   movement   which   ha 
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place,  especially  as  such  ore  bodies  represent  a  line  of  weakness 
along  which  movement  would  occur. 

Slickensides  are  numerous  in  the  serpentine,  and  the  greasy, 
slippery  rock  face  which  results  renders  mining  operations 
dangerous. 
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No.  1  Pit,  Black  Lake  Chrome  &  Asbestos  Co. 
Vertical  Section. 


The  Canadian  ore  is  produced  principally  by  three  companies, 
the  Black  Lake  Chrome  Asbestos  Co.,  the  Canadian  Chrome  Co., 
and  the  American  Chrome  Co.  Of  these  the  B.  L.  C.  A.  Co.  is  by 
far  the  largest.  In  its  extensive  holdings  the  company  has  several 
chrome  pits,  only  four  of  which  have  been  worked  to  any  great 
extent.     These  are  No.  1,  the  Caribou,  No.  5,  and  the  Montreal. 
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The  company  employs  between   fifty   and   seventy-flve  men  when 
four  pits  are  all  in  full  working  order. 

No.  1  pit  is  the  largest  single  chrome  pit  in  Canada.  It  is 
admirably  situated  as  regards  transportation,  power,  and  water 
facilities.  The  pit  itself  is  about  1,200  feet  to  the  south  of  the 
Quebec  Central  tracks;  the  siding  put  in  to  serve  the  pit  leaves 
the  main  track  about  one  mile  from  Black  Lake  station.  Power  is 
furnished    by    the    St.    Francis    Power    Company    at    reasonable 
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No.  1  Pit,  Black  Lake  Chrome  &  Asbestos  Co. 
Vertical  Section. 


rates.    The  water  for  the  mill  is  obtained  from  Black  Lake,  which 
is  distant  some  400  yards. 

The  two  sectional  drawings  which  accompany  this  paper  will 
serve  to  give  some  idea  of  the  shape  and  size  of  the  ore  body  at 
this  pit.  Originally  there  were  three  distinct  ore  bodies  at  the  sur- 
face; one  of  these,  shown  to  the  extreme  right  of  the  section,  was 
very  small  and  soon  pinched  out;  the  other  two  were  worked  by  an 
open  cut  to  a  depth  of  70  feet.  At  this  point  both  bodies  showed 
signs  of  pinching  out  and  the  company  expected  to  lose  them 
altogether.    The  pit  at  the  surface  measures,  roughly,  100  feet  by  50 
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feet,  which  can  be  taken  as  the  dimensions  of  the  ore  body  at  this 
point;  at  the  70-foot  level  the  width  of  the  ore  body  is  only  5  feet. 
However,  on  following  this  narrow  strip  of  ore,  it  was  found  that 
both  bodies  took  a  sudden  pitch  as  shown  in  the  section,  and  then 
widened  out  considerably,  the  distance  between  the  hanging  and  foot 
wall  being  as  much  as  forty  feet  in  some  places.  A  single  derrick 
served  originally  to  hoist  the  ore  from  the  pit,  but  on  account  of  the 
pitch  this  method  was  abandoned.  Before  its  abandonment  a  con^ 
siderable  amount  of  barren  rock  was  removed  to  permit  hoisting 
with  the  derrick.  A  narrow  band  of  barren  rock  separated  both 
bodies  from  the  surface  down,  and  on  account  of  the  great  width  of 
the  bodies  beyond  the  point  where  the  dip  changed  it  was  deemed 
expedient  to  work  each  separately,  leaving  the  barren  rock  as  a 
pillar  to  support  the  roof.  Two  skip  ways  were  put  in  and  the  ore 
hoisted  In  small  self-dmnping  skips.  The  method  used  to  extract  the 
ore  beyond  the  pitch  was  the  same  as  in  the  open  cut  system.  All 
the  ore  was  taken  out  as  it  was  found. 

It  was  evident  however  as  the  pit  increased  in  depth  that 
measures  must  be  taken  to  support  the  roof  on  account  of  the  great 
distance  between  the  hanging  and  foot  wall.  Accordingly  on  the 
250-foot  level,  a  large  pillar  of  ore,  some  16  feet  in  thickness,  was 
left  in,  extending  across  tlie  pit.  The  bodies  were  worked  below 
this  to  the  340-foot  level.  In  the  meantime  the  company  had  bought 
a  diamond  drill  and  had  begun  exploration  work  in  the  bottom  and 
sides  of  th^  pit.  Finally  the  pit  was  considered  too  dangerous  to 
be  worked  on  account  of  several  minor  accidents  which  had 
occurred,  and  the  company  decided  to  close  it  down.  This  took  place 
a  year  ago,  and  since  then  an  incline  shaft  has  been  sunk  starting 
about  40  feet  to  the  left  of  the  present  pit.  The  shaft  is  a  two 
compartment,  one  measuring  6'  x  10'  inside  the  timbers,  the  inclina- 
tion being  60°  easterly,  which  is  the  approximate  dip  of  the  pit.  At 
present  the  shaft  is  270  feet  deep,  and  sinking  is  being  extended. 
A  considerable  quantity  of  ore  has  been  left  in,  at  the  pillar  already 
mentioned,  and  a  cross  cut  is  being  driven  at  the  250-foot  level  to 
extract  this  ore.  Another  cross  cut  will  be  put  In  at  the  340-foot 
level,  as  there  is  a  large  quantity  of  ore  in  the  lower  part  of  the  pit. 

Diamond  drill  borings  have  proved  the  continuance  of  the  ore 
below  this  level,  and  also  indicate  that  the  ore  bodies  have  taken  a 
pitch  to  the  left  or  north  and  east.  This  is  indicated  in  the  section. 
As  to  the  manner  in  which  the  ore  which  is  left  in  the  pit,  and  also 
that  below  the  present  level,  will  be  extracted,  the  writer  Is  unable 
to  say.  The  equipment  of  the  pit  is  not  very  extensive,  consisting, 
as  it  does,  of  a  five-drill  Rand  Air  Compressor,  driven  by  an  induc- 
tion  motor,   furnishing   air   for   pumping,   hoisting,   haulage,   and 


238        Strangways  on  Chrome  Iron  Mining  in  Canada 

drilling.  A  new  hoist,  capable  of  handling  150  tons  a  day,  is  to  be 
installed  when  the  shaft  is  finished,  and  a  large  bin,  discharging 
to  a  sorting  floor  under  cover,  has  already  been  erected  at  the  pit 
head. 

Sorting. 

A  certain  portion  of  the  ore  as  it  is  mined  is  sufficiently  rich  to 
be  shipped;  this  ore  grades  from  43%  (and  upwards)  chromic  oxide, 
and  is  known  as  "Crude."  This  proportion  varies,  but  the  average 
for  this  pit  is  about  15%  of  the  total  rock  hoisted.  The  mill  waste, 
or  concentrating  ore,  varies  in  contents  of  chromic  oxide  from  7% 
to  40%,  and  amounts  to  about  45%  of  the  total  rock  hoisted,  and  the 
rest,  amounting  to  some  40%,  is  dump  material.  Nothing,  roughly 
speaking,  under  7%  is  put  through  the  mill.  This  necessitates  a 
certain  amount  of  sorting.  Formerly  each  of  the  two  skips  dumped 
into  a  bin  and  the  ore  fell  from  the  bin  on  to  a  platform  on  which 
it  was  sorted.  The  "crude"  was  still  further  cobbed  at  the  siding. 
A  great  deal  of  trouble  used  to  be  caused  on  account  of  the  freezing 
up  of  the  ore  in  the  bins  in  winter  time,  and  on  account  of  the 
difficulty  of  getting  good  men  who  would  do  good  sorting  when 
exposed  to  the  cold.  When  active  operations  are  resumed  all  the 
ore  will  be  hoisted  from  the  shaft  and  dumped  into  one  large  bin, 
falling  thence  to  a  sorting  floor.  The  material  will  be  shovelled 
through  holes  in  the  floor  into  the  tramway  cars. 

The  Mill. 

The  mill  is  situated  at  the  siding  some  1,200  feet  from  the  pit, 
and  a  tramway  connects  the  two.  The  tramway  is  carried  on  a 
trestle  throughout  its  entire  length,  thus  in  winter  any  trouble 
from  snow  is  avoided.  A  small  double  cylinder  hauling  engine,  with 
cars  operated  on  a  tail  rope  system,  serves  to  deliver  the  mill  ore 
to  bins  in  the  mill,  which  is  85  feet  below  the  pit  head. 
The  mill  scheme  is  a  simple  one,  being  as  follows: 
From  the  cars  the  ore  is  dumped  into  a  100-ton  bin,  falling  thence 
to  a  12"  X 15"  Blake  crusher.  From  the  crusher  it  is  Elevated  to  a 
shaking  trough,  which  distributes  the  ore  to  the  battery  or  feed 
bins.  From  the  bins  the  ore  is  fed  by  Challenge  feeders  to  the 
stamps,  which,  in  this  mill,  number  30.  The  duty  of  the  stamps 
is  in  the  neighborhood  of  2^  tons  per  day,  their  weight  is  1,100 
pounds,  and  the  drop  8  inches,  which,  as  the  dies  wear, 
increases  to  as  much  as  15  inches.  The  mortar  has  a  double  dis- 
charge, both  back  and  front,  and  the  screens  are  twenty  mesh.  Each 
battery  of  five  stamps  discharges  its  pulp  directly  through  a  pipe 
to  a  single  Wilfley  table,  and  each  table  makes  three  products— 
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heads,  middles,  and  tails.  The  heads  are  shovelled  from  receiving 
boxes  into  barrels  and  wheeled  to  the  concentrate  shed,  and  dumped 
there  to  drain.  The  bulk  of  these  concentrates  is  large,  amounting 
to  as  much  as  15  tons  a  day,  and  two  men  are  kept  fully  occupied 
in  handling  them.  A  drag  conveyor  was  once  installed  for  this  pur- 
pose, but  the  wear  and  tear  due  to  the  hardness  of  the  ore  was  so 
great  that  this  method  was  abandoned. 

The  middles  from  all  six  tables  fall  into  a  launder,  and  are 
passed  thence  to  a  separate  Wilfley  table,  which  makes  two  products, 
heads  and  tails.  These  heads  are  of  lower  grade  than  the  heads 
from  the  first  six  tables,  and  are  put  through  the  mill  again.  All 
the  tailings  flow  from  the  mill  to  the  lake.  There  is  a  difference  in 
level  of  some  250  feet  between  the  mill  and  the  lake,  and  an  elec- 
trically-driven pump  supplies  water  to  the  mill.  The  power 
required  for  the  mill  and  the  machine  shop  is  supplied  by  a  100 
H.  P.  three-phase  induction  motor.  The  machine  and  blacksmith's 
shop  are  situated  at  the  back  of  the  mill. 

The  Caribou  Pit. 

This  pit  lies  some  two  and  a-half  miles  to  the  south  of  No.  1,  and 
a  wagon  road  connects  the  two.  A  large  quantity  of  "crude,"  of 
good  grade,  has  been  taken  from  this  pit,  but  at  the  present  time  no 
work  is  being  done  in  it. 

No.  5  Pit. 

This  pit  is  situated  on  the  west  side  of  Black  Lake,  and  is  not 
being  worked  at  the  present  time,  although  a  considerable  quantity 
of  ore  has  been  extracted  from  it  in  the  past.  The  ''crude"  from  this 
pit  is  of  the  highest  grade  of  any  found  in  the  district,  running  as 
high  as  56%  chromic  oxide. 

The  Montreal  Pit. 

This  pit  was  originally  owned  and  worked  by  the  "Eastern 
Townships  Chrome  Iron  and  Milling  Company."  It  lies  about  seven 
and  a-half  miles  to  the  east  of  the  railway,  and  a  wagon  road  con- 
nects it  with  Chrome  Siding,  from  whence  all  its  ore  is  shipped. 
Chrome  Siding  is  about  one  and  a-half  miles  to  the  south  of  No.  1 
pit.  At  present  this  Montreal  pit,  together  with  No.  1,  are  the  only 
two  out  of  the  four  which  are  being  worked.  This  pit  has  its  own 
mill. 

Up  to  1898  3,000  tons  were  taken  from  this  property,  and  there 
was  every  indication  of  its  being  able  to  furnish  many  times  that 
amount.    Numerous  outcrops  of  ore,  from  12  to  15  feet  in  thickness, 
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occurred  along  a  length  of  some  three  hundred  feet,  but  when 
worked  were  found  to  pinch  out.  Their  position  is  indicated  on  the 
map  by  the  outline  of  the  old  workings. 

The  present  company  took  the  property  over  two  years  ago,  and 
since  that  time  a  considerable  quantity  of  ore  has  been  taken  ouL 
The  company  has  also  done  some  diamond  drill  exploration  work, 
which   has  proved    very    satisfactory.      The    borings  indicate   the 
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existence  of  a  large  body  of  chrome  ore  of  the  shape  shown  on  the 
map.  The  size  of  the  body  as  at  present  developed  by  the  borings 
is  400  feet  in  length,  with  an  average  of  50  feet,  while  the  thickness 
varies  from  16  to  50  feet.  There  is  a  covering  of  barren  rock  some 
50  feet  in  thickness  over  this  body.  The  present  output  is  main- 
tained from  the  pit  shown  at  the  extreme  left  of  the  diagram.  This 
pit,  at  the  surface,  measures,  roughly,  80  feet  by  50  feet;  a  depth  of 
50  feet  has  been  attained,  and  a  body  of  good  ore  is  showing  on  the 
bottom  and  east  sides  of  the  pit.     The  ore  disclosed  by  the  drill 
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holes  is  being  taken  out  by  a  drift,  which,  at  present,  has  reached 
some  50  feet,  being  in  ore  all  the  way)  One  of  the  drill  holes  has 
oeen  passed,  and  the  results  given  by  the  drill  compare  very  well 
with  the  ore  actually  found. 

The  deposit  will  be  mined  probably  by  a  room  and  pillar  system, 
although  no  very  regular  system  can  be  employed  on  account  of  the 
variation  in  the  thickness.  At  present  two  boom  derricks  serve  to 
hoist  the  ore  from  the  pit.  The  ore  is  roughly  sorted  in  the  pit,  and 
the  large  pieces  of  "crude"  are  hoisted  separately  and  dumped  at 
the  surface  in  heaps,  to  be  cobbed.  The  boxes  in  which  the  mill 
waste  is  hoisted  are  lowered  on  small  trucks  and  conveyed  by  the 
tramway  to  the  mill.  The  barren  rock  is  hoisted  separately  and 
dispatched  to  the. dump.  The  drills,  hoists,  and  pump  are  steam 
driven,  the  boiler  of  the  mill  supplying  the  steam. 

The  Mill. 

The  location  of  the  mill  is  an  admirable  one,  situated,  as  it  is,  on 
the  hillside  about  400  feet  from  the  pit,  and  about  the  same  distance 
from  the  lake.  The  mill  scheme  is  the  same  as  that  at  No.  1  mill. 
The  ore  is  fed  to  a  Blake  crusher,  falling  thence  to  the  battery  bins. 
Fifteen  stamps,  in  batteries  of  five,  discharge  the  pulp  through 
twenty  nuesh  screens  to  three  Wilfley  tables.  The  middlings  from 
these  three  tables  all  go  to  a  fourth,  which  makes  lower  grade  heads 
and  tails.  These  heads  are  re-fed  to  the  crusher,  and  again  passed 
through  the  mill.  The  tailings  from  all  the  tables  flow  to  the  lake. 
Two  45  H.  P.  flue  boilers  supply  steam  for  both  pit  and  mill,  the 
fuel  being  cordwood.  A  single  cylinder  Corliss  engine  drives  the 
mill  and  crusher. 

A  great  deal  of  difficulty  is  being  experienced  in  the  transporta- 
tion of  the  ore  to  the  railway.  Teams  are  employed  for  this  purpose 
at  present,  but  the  method  is  costly  and  inadequate  for  the  present 
output.  The  load  is  favoured  by  the  grade  of  the  road,  an  advan- 
tage, however,  which  is  off-set  in  wet  weather  on  account  of  the 
very  bad  state  of  the  road,  notwithstanding  the  fact  that  the  road 
is  constantly  being  improved  by  the  company.  An  aerial  tramway 
or  narrow  gauge  road  for  this  distance  of  seven  and  a-half  miles 
would  be  impracticable  on  account  of  the  flrst  cost:  probably  the 
best  means  of  transportation  which  could  be  employed  would  be 
either  a  traction  engine  or  a  motor  lorry. 

The  Canadian  Chrome  Company. 

This- property  is  situated  about  four  miles  from  Thetford,  from 
which  point  all  its  ore  is  shipped.  The  coiapany  has  opened  up  four 
small  pits,  all  within  a  distance  of  400  feet;    only  one  of  these  pits 
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is  being  worked  at  present,  but  it  is  by  far  the  largest  of  the  four, 
being  some  100  feet  by  125  feet  at  the  surface,  and  60  feet  in  depth. 
There  is  a  small  amount  of  "crude/'  and  a  considerable  quantity  of 
concentrating  ore  showing  in  the  present  workings.  A  single  cable 
hoist,  similar  to  those  used  in  the  asbestos  pits,  elevates  the  ore  to 
a  tramway,  carried  on  a  high  trestle,  and  thence  to  the  mill.  One 
small  vertical  boiler  supplies  the  steam  for  hoisting,  pumping,  and 
drilling.  All  the  hoisting  arrangements  will  probably  soon  be 
changed,  as  the  cable  hoist  at  present  used  commands  only  a  part 
of  the  pit,  and  the  steam  supply  is  inadequate  for  the  demands  made 
upon  it.  The  ore  is  conveyed  on  the  tramway  to  the  mill,  dumped 
into  a  chute  which  feeds  into  a  large  Blake  crusher,  and  is  elevated 
from  the  crusher  to  the  battery  bins.  The  mill  consists  of  twenty 
stamps,  delivering  pulp  to  four  Wilfleys;  the  middles  all  go  to  a 
fifth  Wilfley.  The  mill  scheme  is  similar  to  that  of  all  other  mills 
in  the  district.  Current  is  taken  from  the  St.  Francis  Power  Co.'s 
line  to  a  100  H.  P.  three-phase  induction  motor,  which  operates  both 
the  crusher  and  the  mill. 

The  water  supply  for  the  mill  is  taken  from  a  small  stream  about 
a-quarter  of  a  mile  distant  from  the  mill,  an  underground  wooden 
pipe  connecting  the  two.  Two  small  dams  at  present  serve  to  store 
a  supply  of  water  for  the  dry  months;  the  lower  of  these  two  dams 
is  to  be  raised  six  feet,  as  the  reserve  is  insufficient.  The  transporta- 
tion of  the  ore  to  the  railway  presents  much  the  same  difficulty  as 
at  the  Montreal  pit,  although  the  distance  is  less,  being  but  4  miles  to 
Thetford.  A  traction  engine  or  motor  lorry  would  probably  afford 
a  solution  of  this  difficulty. 


In  conclusion,  a  few  words  on  the  concentration  of  these  ores 
may  be  of  interest.  The  present  system  of  concentration  has  been 
in  use  practically  since  the  beginning  of  the  industry.  Since  the 
time  when  it  was  first  used  there  have  never  been  any  radical 
changes,  and  it  must  be  remembered  that  although  the  system  is 
admittedly  wasteful,  it  nevertheless  possesses  many  advantages, 
chief  among  which  are  low  first  cost,  and  the  simplicity  of  opera- 
tion. The  latter  advantage  bore  greater  weight  at  the  start  than 
it  would  perhaps  bear  at  the  present  day,  as  the  labor  had  to  b« 
recruited  from  the  vicinity,  and  experienced  mill  men  would  have 
been  hard  to  find.  Then,  again,  the  uncertainty  of  the  industry, 
both  as  regards  the  ore  itself  and  also  the  market,  told  against  any 
changes.  The  use  of  the  Diamond  Drill  will  undoubtedly  greatly 
remove  the  difiiculty  of  supply,  as  it  will  certainly  help  in  develop- 
ment work.    Once  the  question  of  supply  is  settled,  definite  contracts 


Strangways  on  Chrome  Iron  Mining  in  Canada       243 

can  be  more  easily  made  and  kept,  thus  disposing  of  the  market 
difficulty. 

As  regards  crushing,  in  connection  with  this  system,  It  is  neces- 
sary, in  order  to  produce  a  concentrate  of  high  enough  grade  to  ship, 
to  reduce  the  ore  to  a  size  of  about  20  measures  to  the  inch.  Certain 
experiments,  performed  by  Mr.  Patterson,  under  the  supervision  of  Dr. 
Porter,  M.  Can.  Soc.  C.  E.,  in  the  laboratory  of  McGlll  University,  indi- 
cated that,  with  a  15-mesh  screen,  a  larger  total  extraction  could  be 
made,  although  the  grade  of  the  concentrate  was  not  improved.  The 
practice  at  the  mills,  however,  is  to  reduce  all  ore  to  20-mesh. 

One  of  the  first  mills  in  the  district,  installed  at  No.  1  pit,  used 
graded  crushing  with  jaw  crusher  rolls,  and  the  writer  believes, 
jigs,  but  these  were  replaced  eventually  by  stamps  and  tables.  It 
is  very  difficult  to  get  information  regarding  this  mill,  on  account 
of  the  time  which  has  lapsed,  but  the  scheme  proved  unsatisfactory, 
either  on  account  of  losses  or  else  on  account  of  the  inability  to 
produce  high  grade  concentrates.  Probably,  as  regards  losses,  the 
amount  of  fines  made  when  rolls  and  crushers  are  used  would  be 
less  than  when  stamps  are  used,  especially  as  chromlte  is  very 
brittle,  and  shows  a  great  tendency  to  slime.  However,  In  the 
experiments  already  referred  to,  It  was  found  that  the  amount  of 
slimes  made  when  using  a  Huntingdon  mill  were  more  than  those 
made  by  the  stamps,  using  the  same  sized  screens  in  both  cases; 
and  possibly  the  same  may  be  found  to  be  the  case  in  a  system 
using  rolls.  It  is  more  probable  that  the  simplicity  of  operation  In 
the  case  of  stamps,  together  with  their  small  maintenance  cost,  as 
compared  with  the  complications  of  a  method  using  graded  crush-i 
ings,  and  as  compared  with  the  high  cost  of  up-keep  of  such  a 
system  for  screens,  etc.,  were  the  deciding  factors  In  the  crushing 
arrangements  of  these  mills.  The  mineral  shows  a  great  tendency 
to  slime,  so  that  if  stamps  are  used  the  pulp  should  be  driven  out 
of  the  mortar  as  soon  as  possible;  for  this  purpose  heavy  stamps, 
with  a  quick,  small  drop,  a  mortar  with  a  low,  double  discharge 
both  back  and  front,  and  plenty  of  water,  are  necessary.  The 
present  stamps  possess  these  requirements,  except  perhaps  as 
regards  the  water.  From  the  stamps  the  ore  passes  without  sizing 
to  the  Wilfley  tables.  Before  dealing  with  the  question  of  sizing 
one  peculiarity  in  attempting  the  concentration  of  this  ore,  as 
compared  with  ordinary  concentration  practice,  will  be  pointed  out. 
In  most  cases  In  which  concentration  Is  necessary  to  obtain  a 
product  of  high  enough  grade  either  to  smelt  or  ship,  the  mineral 
content  is  rarely  over  5%,  and  the  variation  in  this  content, 
although  it  may  be  as  much  as  50%  of  the  original  amount  above 
or  below  the  average  value,  does  not  affect  to  any  great  extent  the 
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ratio  of  the  gangue  to  the  mineral,  as  the  gangue  is  so  greatly  in 
excess.  In  the  case  of  chromlte  the  percentage  of  mineral  in  the 
ore  is  large,  and  the  variation  in  grade  is  excessive,  the  range  being, 
roughly,  between  7%  and  40%  chromic  oxide. 

Classifiers  were  used  at  the  Montreal  and  No.  1  pits  in  previous 
years,  but  they  have  since  been  removed,  as  it  was  found  difficult 
to  keep  them  in  adjustment.  The  reason  for  this  was  probably  the 
irregularity  of  the  feed,  but  there  is  no  doubt  that,  given  a  good, 
steady  head  of  water,  and  some  good  type  of  classifier,  satisfactory 
results  could  be  obtained  in  classifying  the  pulp  before  sending  it 
to  the  tables. 

The  other  alternative  for  sizing  is  the  screen.  Since  the  intro- 
duction of  the  Callow  screen,  many  of  the  difficulties  of  screening 
fine  material  have  been  removed.  The  writer  has  never  seen  a 
Callow  screen  in  operation,  but  understands  that  there  is  no  doubt 
as  to  the  possibility  of  its  being  satisfactorily  used  on  fine  material. 

The  irregularity  of  the  feed  would  not  altogether  be  removed,  if 
either  screens  or  classifiers  were  used,  but  the  tables  could  be  more 
easily  adjusted  to  take  a  particular  size,  whereas  at  present,  with 
the  irregularity  of  both  grade  and  size  on  the  tables,  the  smaller 
particles  of  chromlte  stand  but  little  chance  of  being  saved. 

Sizing  might,  or  might  not,  improve  the  grade  of  the  concentrate, 
probably  it  would  do  so,  and,  at  any  rate,  the  extraction  could  be 
made  greater. 

The  next  difficulty  in  these  mills  is  the  re-treatment  of  the  mid- 
dles. All  middles  at  present  are  sent  to  an  extra  table  and  two 
products  are  made,  heads  and  tails.  The  tails  from  this  table  run 
exceedingly  high,  grading  as  much  as  18%  chromic  oxide.  The  heads 
made  are  not  of  a  sufficiently  high  grade  to  be  shipped,  and  are  put 
through  the  mill  again.  The  object  of  re-constructing  the  middles 
and  putting  the  resulting  heads  through  the  mill  again  is  not 
apparent.  A  much  better  course  would  be  to  put  either  all  the 
middles  through  the  battery  bins  again,  or  to  dump  them  separately 
and  keep  them  for  future  re-treatment.  They  could  be  either 
crushed  by  stamps,  using  a  finer  screen,  or  reduced  by  means  of 
some  type  of  grinder. 

The  limit  for  values  of  losses  in  tailings  may  be  put  as  between 
3%  and  17c.  A  loss  of  7%  on  a  40%  ore  would  represent  good  work, 
giving  a  total  extraction  in  the  neighbourhood  of  82%,  while  a  3% 
loss  on  a  7%    ore    would    represent    only    an    extraction  of  57%. 

Actual  figures  are  very  difficult  to  obtain;  but  the  extraction  is 
probably  in  the  neighbourhood  of  70%. 
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DISCUSSION. 

Mr.  J.  E.  Hardman  (M.  Can.  Soc.  C.  E.) — Mr.  Strangways'  paper  Mr.  Hardman 
is  a  valuable  contribution  to  the  rather  scanty  literature  on  the 
subject  of  Chrome  Iron  Mining.  Canada  is  one  of  the  largest  pro- 
ducers of  chrome,  the  largest,  in  fact,  in  the  Western  Hemisphere, 
and  it  is  therefore  fitting  that  a  paper  dealing  with  this  important 
industry  should  appear  in  the  Transactions  of  this  Society. 

Dr.  J.  B.  Porter  (M.  Can.  Soc.  C.  E.) — On  two  occasions  chrome  Dr.  Porter 
ore  from  the  Black  Lake  district  was  tested  under  the  speaker's 
direction  in  the  laboratories  at  McGiU  University.  Some  years  ago 
the  owners  of  the  Montreal  pit  were  desirous  of  obtaining  advice  in 
regard  to  the  ore  they  were  extracting  from  their  mine.  We  tested 
the  ore  but  they  did  not  see  fit  to  follow  the  advice  given  as  to  its 
mining.  Soon  afterwards  they  closed  down  and  sold  the  mine  to 
the  present  owners.  Lately  Mr.  Patterson,  a  student  at  McGill 
University,  made  elaborate  tests  on  ore  from  the  Montreal  pit  and 
from  pit  No.  1.  Some  experiments  were  also  begun  with  the  object 
of  discovering  whether  the  ''middles"  and  "tails"  could  be  improved 
by  a  more  systematic  treatment  than  that  given  at  the  mills.  The 
results  were  quite  interesting,  and  are  being  incorporated  in  detail 
in  a  paper  which  will  be  presented  before  the  Society  at  a  later 
date.  In  this  connection  two  or  three  important  points  in  regard 
to  chromite  concentration  were  brought  out. 

Chromite  differs  from  most  ores  In  that  there  Is  a  great  deal 
more  of  the  valuable  material  than  of  the  worthless.  A  fact  which 
Mr.  Strangways  did  not  point  out  is  that  the  valuable  parts  of 
chromite  consist  of  hard  grains,  whereas  in  most  other  minerals 
the  valuable  material  is  softer  than  the  worthless  parts.  Finally 
there  is  less  difference  between  the  specific  gravities  of  the  chrome 
and  the  serpentine  rock  than  there  is  between  the  constituent 
minerals  of  most  ores  that  are  concentrated. 

It  is  easier  to  get  nice  work  on  tables  when  there  is  a  large 
amount  of  gangue  and  a  small  amount  of  valuable  material  than 
Tvhen  the  conditions  are  reversed,  and  it  is  always  advantageous  to 
have  a  great  difference  in  density  in  the  minerals  to  be  separated. 

Mr.  Strangways  has  mentioned  that  the  mills  in  the  Eastern 
Townships  send  the  material  without  classification  to  the  tables,  and 
that  the  "middles"  from  these  tables  are  sent  without  further  treat- 
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Dr.  Porter  ment  to  another  table,  little  being  gained  by  this  method.  This  is 
done  despite  the  fact  that  it  is  well  known  that  immediate 
re-treatment  of  "middles"  is  rarely  efficacious.  In  order  to  see  how 
far  the  mill  "middles"  were  susceptible  of  improvement,  one  lot  of 
ore  was  classified  and  then  re-treated  on  tables.  The  result,  while 
better,  was  not  altogether  satisfactory.  Another  lot  was  put  through 
a  set  of  rolls,  and  a  third  lot  was  crushed  in  the  Huntingdon  mill, 
the  products  of  both  being  treated  on  tables.  In  both  cases  there 
was  a  marked  improvement. 

The  ore  apparently  consists  of  small  grains  of  chroniite  enclosed 
in  a  shell,  probably  of  serpentine,  the  whole  forming  a  grain  of 
intermediate  specific  gravity. 

This  shell  can  be  peeled  off  by  crushing  the  ore  slightly,  and  this 
re-crushed  material  can  then  be  concentrated  into  a  product  which 
proves  better  than  the  best  concentrates  obtained  from  the  original 
treatHLent.  The  "middles"  which  were  re-treated  without  re-crushing 
were  improved  to  a  very  small  degree. 

Dr.  Richard's  saying  "once  middles  always  middles"  is  very  true 
of  this  material. 

Mr.  Strangways'  paper  is  a  very  careful  and  valuable  summary 
of  the  subject  of  chromes  iron  mining. 
Mr.  Hardman  Mr.  Straugways  States  in  his  paper  that  the  crushed  ore  has  been 
put  through  a  20-mesh  screen,  and,  yet,  that  although  there  was  no 
improvement  in  the  grade  of  material  saved,  the  experiments  which 
were  made  by  crushing  the  ore  to  only  15-mesh,  gave  better  results 
as  far  as  the  amount  of  mineral  saved  was  concerned.  Is  the  "shell 
matter"  around  the  grain  an  explanation  of  this  unusual  result? 

That  is  the  explanation  in  the  speaker's  opinion.  Mr.  Straug- 
ways has  correctly  reported  the  experiments  which  were  made  at 
the  University  by  Mr.  Patterson.  The  ore  was  crushed  through  15, 
20,  and  30-mesh. 

It  would  be  a  difficult  matter  to  get  a  50%  grade  with  that  ore. 

That  is  a  very  interesting  point  which  was  worked  out  carefully 
on  ore  taken  from  the  Montreal  pit.  It  was  quite  easy  to  make  a 
good  commercial  separation  of  material  containing  about  4b^^  of 
chromite.  By  a  very  wasteful  process  it  was  possible  to  produce 
a  product  yielding  about  48%,  but  nothing  grading  higher  than  49% 
could  be  obtained. 

In  reply  to  a  question  regarding  experiments  made  by  crushing 
in  the  Huntingdon  mill,  it  was  found  that  this  method  produced  a 
larger  amount  of  "slimes"  than  the  stamps. 
Mr,  Hardman  Is  thls  formation  of  "slimes"  not  due  to  the  fact  that  the  Hunt- 
ingdon mill,  not  having  a  true  rolling  motion,  causes  a  drag  of  the 
roll  on  t!:e  bed? 


Dr.  Porter 


Mr.  Hardwan 
Dr.  Porter 
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The  Huntingdon  mill  at  work  in  the  laboratory  does  not  drag  Dr.  Porter 
much,  as  the  roll  has  been  raised  about  i  inch  from  the  bed.    With 
several  ores  tested  it  produced  fewer  slimes  than  the  stamps  did; 
but  it  is  undoubtedly   true   that    it   produced,  on  the  whole,  more 
slimes  than  either  stamps  or  rolls  in  the  tests  conducted  on  chromite. 

In  Colorado  some  Huntingdon  mills  were  installed;    but  had  to  Mr.Hardman 
be  removed  due  to  the  formation  of  "slimes."     The  explanation 
given  at  the  time  was  that  this  action  was  due  to  the  dragging  of 
the  wheels,  which,  not  possessing  a  perfect  rolling  motion,  caused 
a  slipping  of  the  surface  and  a  consequent  formation  of  "slimes." 

There  is  a  certain  amount  of  drag,  but  not  enough  to  explain  Dr.  Porter 
the  difference  in  action.    Possibly  the  pressure  of  the  rotating  shoes 
was  too  great  for  the  chrome. 

The  stamp  mill  practice  of  the  Canadian  Chrome  Company  is  Mr.Hardman 
abominable,  and  that  at  Black  Lake  is  not  much  better. 

There  is  <a  great  deal  of  difference  between  the  Canadian  Chrome  Mr.  strangwaya 
and  that  of  Black  Lake. 

Do  you  know  the  average  percentage  of  Cr^O^  in  the  "tailings"?  Mr.Hardman 

From  3%  to  7%;    but  exact  results  are  dilflcult  to  obtain.  Mr.  strangwaya 

The  Canadian  Chrome  "tailings"  yield  about  4%,  which  is  a  little  Mr.  Hardmao 
less  than  the  average  between  3%  and  7%. 

It  is  some  six  years  since  the  speaker  went  into  North  Carolina 
for  the  purpose  of  examining  some  chrome  iron  deposits  near 
Alexandria,  some  15  miles  west  of  Ashville.  The  ore  was  dissemi- 
nated in  schists,  and  differed  from  that  of  the  Eastern  Townships 
inasmuch  as  little  or  no  serpentine  was  apparent.  The  ore  in  the 
rock  varied  from  12%  to  55%  in  Cr  O  .  As  there  were  no  workings 
in  existence,  nor  any  facilities  for  concentration  experiments  on  the 
spot,  some  ore  was  brought  back  to  Montreal  for  treatment.  Very 
good  results  were  obtained  by  using  a  glass  spitzliitte,  and  after- 
wards a  pointed  box,  which  was  available  in  one  of  the  McGill 
laboratories,  was  utilized.  With  this  machine  there  was  no  diffli- 
culty  in  getting  a  very  good  grade  of  concentrate. 

The  speaker  recently  examined  the  property  of  the  Canadian 
Chrome  Company,  and  it  appears  to  him  that  these  ores  might  with 
advantage  be  crushed,  and  passed  at  once  to  classifiers  or  pointed 
boxes,  the  spigot  from  which  would  probably  at  once  give  a  50% 
product.  There  should  be  no  difficulty  in  so  adjusting  the  boxes  and 
other  fixtures  as  to  feed  a  much  more  regular  pulp  to  the  Wilfley 
tables. 

Experiments  were  made  a  good  many  years  ago  on  the  Montreal  Dr.  Porter 
ore  to  investigate  that  point.     Classification  enabled  one  to  get  rid 
of  a  large  part  of  the  objectionable  material,  and  the  concentrate 
produced  was  not  as  good  as  that  obtained  by  table  treatment. 

6 
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Mr.  stranswajr*  Dr.  Donald,  in  1898,  stated  that  a  lot  of  ore  was  sent  to  Denver 
and  that  he  obtained  a  concentrate  of  55%  chrome  oxide. 

Mr.Hftrdman  There  is  no  difficulty  In  getting  54%  on  the  table  to-day. 

jtfr.strang«a]i  There  is  a  great  difference  In  the  grade.  The  crude  Caribou 
yields  56%,  which  is  exceptional,  and  is  not  obtained  anywhere  else 
in  the  district. 

Dr.  Porter  It  all  depends  on  the  ore  body.    Several  of  the  pits  can  produce 

high  grade  ore,  but  the  Montreal  will  not  concentrate  to  50%  at 
present,  and  would  not  when  it  was  tried  five  years  ago.  It  is  easy 
to  get  something  better  from  No.  1  pit,  which  produces  ore  grading 
as  high  as  52%. 


GENERAL   SECTION. 

President — L.  G.  Papixeau. 
Vice-President— R.  S.  Lea. 

A  meeting  of  the  General  Section  was  held  Thursday  evening, 
December  5,  Mr.  R.  S.  Lea,  Vice-President  of  the  Section,  in  the 
chair.    The  following  paper  was  read  by  the  author: 

PAFKll  No.  259 

SCHEMES  SHOWING  THE  POSSIBILITIES  OF  ST.  JOHN,  N.B., 

AS  A  GREAT  PORT  ;    AND  HOW  THE  INTERIOR  OF 

NEW  BRUNSWICK   CAN   BE   OPENED   UP 

TO  OCEAN  TRAFFIC. 

By  J.  S.  Armstrong,  M.  Can.  Soc.  C.  £. 

The  works  herein  described  are  nearly  all  engineering  works, 
bul  it  is  not  proposed  in  this  paper  to  go  specially  into  the  engineer- 
ing details.  It  is  intended  rather  to  indicate  briefly  the  general 
nature  of  the  works  proposed  and  the  results  contemplated. 

The  accompanying  map  No.  1  shows  St.  John  and  its  immediate 
surroundings— the  harbour  as  at  present  in  use  between  6t.  John 
and  Carleton,  or  St.  John  West,  and  the  harbour  extensions  that 
may  be  added. 

The  present  harbour  area,  though  affected  by  great  rise  and  fall 
of  tide,  gives,  or  can  be  made  to  give,  adequate  facilities  for  present 
use;  but  if  St.  John  is  to  be  one  of  the  great  ports  of  the  continent, 
and  at  any  rate  the  great  winter  port  of  the  Dominion,  large 
additions  to  its  area  and  improved  facilities  must  be  supplied. 

In  passing,  it  may  be  mentioned  that  the  Transportation  Com- 
mission (1904),  expressed  the  opinion  that  St.  John  harbour  was  so 
small  that  there  would  in  the  future  be  more  than  enough  business 
for  several  such  ports. 

The  map  No.  1  was  originally  made  to  show  only  the  proposed 
canal,  opening  up  a  practicable  way  for  ocean  vessels  of  the  largest 
class  to  St.  John  River  waters,  and  more  especially  to  the  harbour 
area  above  the  "  Reversing  Falls." 

It  also  showed  the  "  flats  "  of  Courtenay  Bay  (bare  at  low  water), 
which  may  be  reclaimed  by  a  breakwater. 
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Other  possible  works  are  now  added,  and  the  several  Independent 
schemes  or  objects  may  be  described  under  the  following  heads: — 

(1)  The  St.  John  Canal  and  Dock  scheme,  with  railway  connec- 
tions. 

(2)  The  Courtenay  Bay  reclamation  and  bridge  or  breakwater. 

(3)  The  Marsh  Canal  and  Docks. 

(4)  The  South  Bay  Docks. 

(5)  The  Customs-BYee  Port. 

(6)  Extensions  in  the  present  harbour. 

(7)  The  shutting  in  of  the  present  harbour  by  a  sea  dike,  with  a 
lock  or  locks  and  sluice  ways. 

(8)  Other  objects  attained  by  the  Canal— the  opening  up  of  the 
centre  of  the  Province  to  ocean  traffic. 

The  first  and  most  important  scheme  is  that  of  the  St.  John 
Canal  and  Dock  work  with  its  accessory  works. 

There  is  a  rise  and  fall  of  tide  in  the  present  harbour  of  from 
twenty  to  twenty-five  feet;  the  extreme  reaches  30  feet  occasionally. 
This  variation  in  water  level  necessitates  expensive  wharf  work, 
and  is  a  hindrance  to  quick  and  convenient  handling  of  cargo;  so 
much  so,  that  under  similar  circumstances  in  Liverpool  and  other 
ports  of  England,  and  at  Quebec,  work  in  the  open  tideway  has  been 
abandoned  nearly  altogether,  and  almost  all  loading  and  discharging 
is  done  in  wet  docks,  constructed  at  enormous  cost. 

In  the  narrows,  above  the  falls,  we  have  a  wet  dock  area  of  over 
600  acres,  where  there  Is  but  small  rise  and  fall  of  tide;  where  the 
water  never  freezes  so  as  to  affect  navigation  ;  an  area  entirely 
land-locked,  with  deep  water  close  in  to  the  banks  so  that  all  the 
shores  can  be  lined  with  wharves  at  moderate  cost.  The  only  excep- 
tions to  the  freezing  and  the  deep  water  are  two  or  three  coves  In 
which  dredging  will  be  required,  and  in  which  ice  will  not  be 
troublesome  when  they  are  deepened  and  opened  out,  while  they 
give  sheltered  space  for  a  number  of  piera 

This  upper  harbour  area  has  bluffs  overhanging  part  of  its  shores 
on  to  which  the  railways  can  be  brought,  and  grain  or  coal  can  be 
shot  directly  from  the  cars  to  the  holds  of  vessels,  being  cleaned 
and  weighed  in  passage,  or  passed  into  storage  bins  on  its  way  to 
the  vessels  without  elevating;  while  other  lines  of  railway  can  follow 
the  wharves  on  either  bank,  giving  access  to  dock  and  storage  areas 
along  the  extended  shore  line,  and  wide  fields  can  be  found  for  yard- 
ing cattle  just  behind  the  shipping  point,  wherein  they  could 
recuperate  after  a  long  railroad  journey  in  readiness  for  their  new 
experience  on  the  sea. 

The  canal  would  run  through  a  high  rocky  ridge  with  Douglas 
Avenue  (one  of  St.  John's  main  thoroughfares),  slightly  raised  and 
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carried  across  on  a  fixed  bridge  high  enough  for  the  masts  of  steam- 
ships to  pass  under — ^perhaps  not  the  topmasts. 

The  railway,  and  other  avenues  would  be  carried  across  on 
bascule  or  drawbridges  at  or  near  the  lock  gates. 

The  length  of  the  canal  from  high  water  to  high  water  will  be 
about  fourteen  hundred  feet,  and  with  its  approaches  on  the  basis 
of  a  prism  eighty  feet  wide  at  the  bottom,  would  necessitate  about 
a  million  yards  of  excavation,  more  than  three-quarters  of  which 
would  be  in  rock. 

To  make  the  canal  effective,  a  lock,  or  preferably  twin  locks, 
would  be  provided.  The  exact  location,  and  whether  the  locks 
should  be  constructed  in  the  solid  rock  cutting  or  built  in  the  open, 
are  matters  for  special  study.  A  factor  in  favour  of  having  them 
outside  the  canal  cutting  is  the  prospect  of  a  low-level  railway  and 
general  traffic  bridge  being  carried  across  the  head  of  the  harbour 
at  Navy  Island,  at  the  intersection  with  which  the  gates  of  the  locks 
could  be  located.  This  location  would  provide  level"  space  for 
machine  and  repair  shops  and  other  works  at  the  outside  harbour 
end,  including  convenient  accommodation  for  water  wheels  to  use 
the  intermittent  power  of  the  "Reversing  Falls"  that  would  thus  be 
rendered  easily  available. 

This  power,  in  connection  with  hydraulic  and  electric  storage, 
could  be  made  to  work  the  dock  gates,  elevators,  all  sorts  of  dock 
machinery  and  the  lighting  plant,  with  perhaps  a  balance  of  power 
to  be  otherwise  disposed  of.  The  quantity  of  water  thus  used  might 
be  large,  but  the  head  would  be  low  and  variable.  This  variability 
and  low  head  make  it  probable  that  no  other  scheme  for  utilizing 
on  a  large  scale  the  fall  of  waters  at  the  mouth  of  the  River  St 
John  can  be  a  financial  success.  The  advantage  of  even  this 
installation  is  problematical. 

The  tides  at  St.  John  rise  higher  than  the  ordinary  level  of  the 
river  and  fall  considerably  lower,  so  that  the  maximum  head  at 
ordinary  river  level  would  not  be  over  15  to  17  feet,  running  to 
30  feet  at  extreme  freshet,  but  this  maximum  only  lasts  an  hour 
or  so  each  tide,  and  the  head  would  generally  be  reversed  several 
hours  before  high  tide.  According  to  the  city  records  (the  datum 
being  taken  about  11  feet  below  extreme  low  tide)  the  elevation  of 

Mean  sea  level  is 26  feet. 

Extreme  high  tide ,    ..  41     ** 

Ordinary  Summer  level  in  the  river  about ...  28     ** 

An  ordinary  freshet  would  be  about 36     ** 

Extreme  freshet  level 43     ** 
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Again,  the  river  at  the  falls  is  very  narrow,  and  a  submerged 
dike  of  rock  runs  across  at  about  20  feet  below  the  ordinary  river 
level.  This  constricted  opening,  together  with  the  rise  and  fall 
of  the  tides,  causes  the  water  to  rush  in  as  well  as  out,  according 
to  the  height  of  the  tide. 

It  really  forms  a  rapid,  but  is  called  the  "Reversing  Falls." 
This  restricted  opening,  and  the  short  time  the  tide  is  above  the 
river  level,  prevent  the  tide  from  affecting  the  level  of  the  river 
to  any  great  extent,  though,  on  account  of  the  slight  slope  of  the 
river,  the  effect  of  the  tide  extends  all  the  way  to  Frederlcton,  80 
miles  up. 

Again,  the  probable  reasons  why  ice  does  not  form  in  the  upper 
harbour  area,  comprising  the  narrows  and  Indiantown  basin, 
is  that  the  water  is  very  deep  therein  and  in  an  immense  area 
above,  and  a  body  of  comparatively  warm  water  comes  to  the  sur- 
face from  under  the  ice  on  the  one  hand,  while  on  the  other  the 
(tidal  water  from  the  sea  is  also  much  above  freezing  point,  so  In 
their  ebb  and  flow  they  prevent  the  formation  of  ice. 

For  a  number  of  miles  up  the  river  into  the  Long  Reach,  so 
called,  open  water  often  extends  almost  all  winter,  and  there  would 
be  little  difficulty  in  keeping  navigation  open  all  the  year  in  quite 
an  extended  area  beyond  the  line  shown  on  map  No.  1  as  "  Edge 
of  Ice." 

The  harbour  area  In  the  narrows  is  not  wide,  but  it  is  about  as 
wide  as  the  present  harbour  of  St.  John.  It  forms  a  land- 
locked harbour;  the  only  defects  to  be  guarded  against  in  its  use  are 
the  currents,  which  at  certain  poiats  and  certain  times  of  tide  are 
strong.  For  a  few  days  during  freshet  special  precautions  would  be 
necessary. 

The  Admiralty  made  a  survey  of  the  main  river  as  far. as 
Frederlcton  nearly  a  hundred  years  ago. 

No  recent  and  general  survey  of  the  river  has  been  made,  and 
the  exact  nature  or  depth  of  mud  at  the  approaches  to  the  canal  are 
unknown,  but  from  the  configuration  of  the  shores  one  would  sup- 
pose that  at  the  outer  end  of  the  canal  there  would  be  rock  founda- 
tion for  the  locks  at  or  above  the  desired  depth,  while  in  the  cove 
at  the  other  end  the  rock  may  run  below  the  level  of  the  neces- 
sary dredging. 

If  the  Dominion  Government  would,  for  a  time,  establish  a  self- 
registering  tide  gauge   above    the   falls   Its   records   in   comparison 
with  those  of  the  one  in  the  present  harbour  would  give  accurate 
data  for  working  out  many  problems  connected  with  the  project 
In  a  general    discussion    like   this    (before    special  surveys  and 
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studies  have  been  made),  it  is  not  possible  to  anticipate  or  define 
all  the  conditions  to  be  met. 

To  return  to  the  subject  of  the  canal,  if  twin  locks  are  provided 
they  would  be,  side  by  side,  say  700  or  800  feet  long  by  80  feet 
wide  at  the  gateways,  and  with  32  feet  of  water  on  the  sills  at 
half  tide.  The  abov.e  arrangements  would  allow  of  the  largest 
merchant  steamships  passing  in  and  out  for  six  hours  twice  in 
twenty-four,  and  smaller  vessels  for  longer  periods. 

For  a  short  time,  when  the  tide  is  about  two-thirds  high,  the 
waters  of  the  harbour  and  river  are  at  tue  same  level,  and  the  gates 
might  be  opened  under  very  strict  supervision  and  vessels  be  passed 
In  and  out  without  lockage.  The  gates  would  necessarily  be  very 
large,  and  to  allow  this  free  passage  they  would  have  to  be  capable 
of  being  handled  very  rapidly.  They  should  he  so  capable  in  any 
case. 

The  second,  or  twin  lock,  is  a  necessary  precaution  against  acci- 
dent to  the  one  in  use,  and  a  convenience  for  rapid  work  when 
traffic  becomes  large.  It  could  be  arranged  so  as  to  be  used  as  a 
dry  dock,  that  could  be  entered  at  all  times  from  the  river  level, 
(and  if  the  tide  were  low  at  the  time  a  large  portion  of  the  water 
could  be  run  off  rapidly  without  any  expense  for  pumping,  so  that 
a  vessel  while  waiting  for  the  tide  could  have  an  examination  made 
of  her  bottom,  and  if  work  on  it  were  required  she  could  remain  a 
longer  time.  The  lock  could  also  be  arranged  with  grooves  so  that 
the  fioating  bulkheads,  which  should  be  held  in  reserve  for  use  at 
the  entrances  in  case  repairs  to  the  locks  themselves  were  required, 
could  be  used  in  one  .  or  more  intermediate  grooves;  thus  two 
moderate-sized  vessels  could  use  the  dry  dock  at  the  same  time, 
entering  and  leaving  when  ready,  and  in  this  way  it  would  be 
adapted  for  the  use  of  the  very  largest  merchantmen  afloat  or  for  a 
very  moderate-sized  vessel. 

Present  and  possible  lines  of  railway  and  docks  are  indicated  in 
a  general  way  on  map  No.  1,  and  more  in  detail  on  map  No.  2, 
showing  the  high  and  low  level  service  on  the  bluffs  and  wharves. 

The  general  features  of  the  river  are  shown  by  the  sketch  map 
No.  3. 

Proposed  wharves  which  are  shown  on  the  maps  may  or  may  not 
be  found  practicable,  and  do  not  need  special  description  here, 
except  that  the  guard  pier  shown  at  the  mouth  of  Marble  Cove,  on 
map  No.  2,  would  probably  be  a  reinforced  and  thoroughly-braced 
pile  structure,  so  as  not  to  shut  in  the  waters  of  the  cove  too  much 
and  cause  them  to  freeze  badly. 

If  the  canal  is  built  a  number  of  most  interesting  engineering 
problems  will  be  crowded  into  this  short  half  mile  of  work: 


254         Armstrong  on  Possibilities  of  St,  John,  N.  B., 

(1)  The  proper  location  and  facilities  for  the  entrance  from  the 
harbour:  whether  the  approach  should  be  further  to  the  left  In  a 
cross  current  or  in  an  eddy  as  shown:  along  the  face  of  continuous 
wharf  work  or  along  the  ends  of  several  dock  piers. 

(2)  The  arrangement  of  sea  walls,  guiding  the  currents  and 
counter  currents  and  reclaiming  useful  lands,  not  adapted  for 
ordinary  dock  use. 

(3)  The  very  high  dock  gates,  possibly  45  or  50  feet,  adapted  to 
hold  back  the  water  pressure  fr6m  either  side. 

(4)  The  partition  wall  separating  the  twin  locks;  a  chance  for 
reinforced  concrete  work,  to  take  up  as  little  width  as  possible. 

(5)  The  fitting  of  one  of  the  locks  for  use  as  a  dry-dock,  and  of 
the  repair  shops  connected  therewith. 

(6)  The  double  track  bascule  bridge  for  the  railway  crossing. 

(7)  The  bascule  or  pocketed  bridge  rolling  on  the  dock  gates, 
perhaps  combined  with  an  "  elevator-tower-bridge  *'  for  the  Navy 
Island  traffic  bridge  crossing. 

(8)  The  unique  hydraulic  installation  with  turbines  and  water- 
ways in  the  canal  walls  and  the  power  storage  arrangements. 

(9)  The  large  cutting  in  short  space  with  a  great  variety  of 
material  and  perhaps  a  tunnel  to  carry  the  railway  along  the  canal. 

(10)  The  coaling  berth  with  elevated  storage  and  high  level  rail- 
way approach. 

(11)  The  waiting  basin  at  the  upper  end  of  the  canal  with  guard 
pier  near  the  edge  of  the  falls. 

Scheme  No.  2. 

Courtenay  Bay  Is  an  area  of  sand  flats,  to  the  east  of  St  John 
proper,  always  bare  at  low  water,  bordered  generally  by  flat  or 
gently  sloping  land  to  the  north  and  east. 

Enclosed  as  shown  by  the  outer  bridge  or  dike.  It  comprises  six 
hundred  acres,  through  which,  at  low  tide,  a  small  creek  flows. 

The  reclamation  works  contemplated  by  the  plan  are  a  pair  of 
breakwaters  nearly  meeting  at  the  creek.  These  breakwaters  would 
be  made  in  part  with  material  from  the  canal  excavation  and  In 
part  perhaps  by  accumulating  the  drifting  sands.  The  opening 
would  be  spanned  by  a  drawbridge,  and  possibly  with  protecting 
moles  would  form  the  entrance  to  the  area  from  the  sea.  Then 
there  would  be  added  a  well-regulated  waterway  up  the  creek,  prob- 
ably with  branches  to  manufacturing  sites.  These  waterways  are 
supposed  to  be  dredged  out  and  walled  at  the  sides,  and  the 
reclaimed  spaces  could  be  used  for  steel  works,  shipbuilding,  eta, 
or  for  railway  yards. 
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It  has  been  proposed  by  some  to  use  this  area  for  a  wet  dock. 
The  objections  that  occur  to  the  writer  in  regard  to  that  proposition 
are  that  it  would  require  a  very  high  and  long  watertight  wall 
founded  in  what  are  apparently  deep  sands  (untested  as  yet),  and 
the  large  enclosed  area  of  perfectly  still  water  would  freeze  over  in 
the  winter,  and  would  be  hard  to  keep  open. 

Again,  it  has  been  proposed  to  dredge  out  a  large  part  of  this 
area  and  build  piers,  as  in  the  present  harbour,  but  this  seems 
objectionable  without  having  the  breakwater,  as  in  the  reclamation 
scheme,  as  the  position  is  exposed  to  the  prevailing  winds  and 
storms,  and  would  be  hard  to  keep  dredged  out  as  an  open  roadstead. 

The  reclaimed  areas,  with  tidal  channels,  would  be  more  easily 
maintained,  and  would  be  of  great  value  where  there  is  so  little 
level  land  as  about  St.  John. 


Scheme  No.  3. 

The  Marsh  Canal  is  a  continuation  of  one  of  the  above-men- 
tioned channels,  carried  through  the  level  marsh  to  Drury's  CJove, 
where  a  comparatively  narrow  ridge  of  rock  separates  the  waters 
of  the  river  and  the  marsh.  The  marsh  is  drained,  and  the  tide 
waters  are  kept  out  of  it  by  an  "  aboideau,"  or  dike  with  trapped 
sluiceways,  allowing  only  the  marsh  waters  to  flow  through  when 
the  tide  is  low  enough  to  permit. 

The  level  of  the  marsh  is  very  nearly  that  of  high  tide  and  about 
ten  feet  higher  than  low  water  summer  level  in  the  river. 

A  lock  would  be  required  at  the  lower  end  of  the  marsh  and 
another  at  Drury's  Cove.  Probably  most  of  the  excavation  through 
the  marsh  would  be  mud  dredging,  but  the  locks  could  be  founded 
in  or  on  rock. 

This  work  would  open  up  a  large  area  for  manufacturing  sites, 
with  facilities  for  transportation  by  water  as  well  as  by  rail.  If 
this  canal  were  made  large  enough,  it  would  be  an  alternative  route 
to  the  river,  but  it  —  and  especially  its  approach  from  the  river 
side  —  would  freeze  in  the  winter.     . 

On  the  map  the  Intercolonial  Railway  is  shown  diverted  to  the 
north  side  of  the  marsh.  This  is  not  a  necessity  but  might  be 
found  expedient  to  give  factories  on  that  side  of  the  canal  the  best 
facilities. 

Against  this  scheme  it  may  be  said  that  the  level  marsh  is  none 
too  large  for  future  railway  yards  and  terminal  facilities. 
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Scheme  No.  4. 

The  South  Bay  Docks  in  connection  with  the  next  scheme  are 
located  in  the  river  above  and  to  the  west  of  the  narrows. 

A  tentative  arrangement  of  wharves  of  considerable  extent  is 
shown  with  an  enlarged  waterway  or  short  cut  fromi  South  Bay  to 
the  narrows  behind  Green  Head  Island,  through  which  a  current 
could  be  maintained,  so  facilitating  the  removal  of  the  ice  which 
would  form  here  in  the  winter. 

A  large  amount  of  probably  easy  dredging  and  filling  would  be 
required  to  make  this  area  available  for  the  purpose  designed. 

The  piers  shown  are  supposed  to  be  pile-work  structures  with 
arrangements  to  guide  the  currents  as  described.  The  little  crosses 
represent  blocks  of  warehouses  200  feet  square  each. 

Scheme  No.  5. 

A  Customs-Free  Port  is  not  in  itself  an  engineering  proposition, 
but  to  provide  facilities  for  it  would  call  for  a  large  amount  of 
engineering  work,  and  the  writer  thinks  that  engineers  should 
take  an  interest  in  and  advocate  anything  that  may  be  of  great 
benefit  to  the  country  at  large,  as  well  as  to  some  particular 
locality. 

It  is  with  this  in  view  that  the  writer  gives  the  following  some- 
what  extended  explanation  of  what  a  Customs-Free  Port  is,  how 
it  is  managed,  and  what  benefits  accrue  from  it. 

The  Customs- Free  Port  needs  some  explanation  as  to  its  objects 
and  how  it  would  be  managed. 

England  with  its  free  trade  has  many  free  ports,  and  on  the 
Continent  of  Burope,  before  Germany  was  consolidated,  there  were 
several  **  Free  Towns  "  (small  republics  under  their  own  Govern- 
ments), which  at  the  time  of  th«  consolidation  held  out  strongly  for 
their  ancient  rights,  and  as  a  compromise  had  a  portion  of  their 
area,  including  harbour  space,  set  off  and  practically  walled  in  from 
the  surrounding  country  and  formed  into  a  free  port.  Into  these 
inclosures  it  is  allowable  for  vessels  to  come  and  go,  importing 
and  exporting  merchandise  of  all  sorts  free  from  all  Customs  dues 
of  the  country  in  which  they  are  situated;  duty  is  paid  on  dutiable 
merchandise  only  when  it  is  taken  into  other  parts  of  the  said 
country  for  home  consumption.  Hamburg  is  the  chief  of  these 
towns,  and  under  changed  conditions  (without  one-sided  free  trade 
in  the  country  surrounding  it)  its  commerce  has  been  built  up  at 
such  a  rate,  and  to  such  an  extent,  that  in  certain  lines  it  vies 
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with,  and  even  surpasses  London  Itself  in  tlie  quantities  of  goods 
imported  into  it,  and  stored  till  exported,  or  taken  out  for  home 
consumption.  Thus  within  a  generation  Hamburg  has  increased  in 
wealth  and  population  amazingly. 

The  following  quotation  is  taken  from  a  U.  S.  CJonsular  report 
of  1896: 

'*  Hamburg,  with  its  territory  has  an  area  of  about  97,500  acres. 
According  to  the  treaty  of  May  26,  1881,  with  the  German  Empire, 
the  area  of  the  free  port  was  reduced  to  2,500  acres,  of  which  750 
were  water  and  1,750  acres  land."  All  the  residential  portion  of 
Hamburg  was  shut  out  from  the  free  port. 

"  Some  of  the  points  of  the  treaty  between  the  German  E^mpire 
and  Hamburg  consummating  the  Customs  union  were  about  as 
follows: — 

•*  The  free  town  of  Hamburg  is  prepared  to  join  the  Customs 
district  of  the  Elmpire  with  its  entire  territory,  with  the  exception 
of  the  district  hereafter  mentioned  and  described." 

"  For  this  district,  which  permanently  remains  to  the  City  of 
Hamburg  as  a  free  port,  article  34  of  the  Constitution  of  the 
EJmpire  retains  its  validity,  with  the  effect  that  the  free  port  privi- 
leges of  this  district  can  neither  be  suspended  nor  restricted  without 
Hamburg's  consent." 

•*  The  free-port  district  comprises  the  North  Elbe  at  Hamburg, 
the  harbours  and  quays  there,  together  with  a  part  of  the  adjoining 
streets  and  blocks  of  houses,  and  the  island  in  the  River  Elbe  oppo- 
site the  town,  including  the  island  of  Steinwarder.  Inside  of  this 
free  port  district,  which  is  to  be  guarded  by  Customs  officers  exclu- 
sively from  outside,  the  movement  of  vessels  and  merchandise  is 
exempt  from  Customs  control,  and  the  unlimited  construction  of 
Industrial  establishments  is  permitted." 

Other  large  districts  are  to  be  added  as  required  for  use. — "  The 
blocks  of  buildings  belonging  to  the  free  port  shall  not  be  used  as 
dwellings  (with  the  exception  of  those  necessary  for  warehouse 
keepers  and  for  port,  customs,  and  police  officers)  nor  for  retail 
trade." 

"  For  the  customs  despatching  system,  in  the  Hamburg  Customs 
ports  special  regulations  will  be  issued  in  which  the  facilitation  and 
eimplification  of  the  customs  despatching  will  be  given  as  much 
consideration  as  possible." 

In  consideration  of  a  population  of  800,000  becoming  subject  to 
customs  dues —  "  The  German  Empire  will  pay  towards  the  cost 
of  buildings,  establishments,  arrangements,  and  expropriation  a 
maximum  sum  of  19,500,000.00." 


Ill 


268         ArmsirQHg  on  Possibilities  of  St.  John,  N.  j 

A  part  af  Hamburg  iiad  been  a  free  port  from  time  1 
in  the  sense  that  Its  Itibabltants  or  the  traders  from  c 
lUtle  or  no  duties  on  goods  brought  in. 

**  In  the  eleventh  and  twelfth  centuries,  importers  i 
were  com  pell  ed  to  have  Urge  public  sales  at  stated  pei 
year.  These  re^^lar  fairs  were  held  fn  order  to  advert 
and  to  attract  buyers.  There  were  no  customs  duties 
but  the  Hamburg  government  compelled  the  master  ol 
and  the  owner  of  the  goods  brought  In  to  declare  the  £ 
value,  and  on  this  value  a  small  tax  was  levied  for  the  r 
of  a  navy,  to  protect  the  commercial  fleet  against  pirate 

Great  changes  were  made  at  the  time  Hamburg 
Customs  Union  :  "  Everything  In  what  may  be  lerm^ 
free  port  was  built  with  the  object  of  Inducing  ahipp 
the  world  to  send  their  goods  here  for  storage,  for  awa 
markets,  and  for  subsequent  dlatribution,  on  a  most  IJ 
and  was  made  as  attractive  as  possible  for  the  purposi 
The  result  was  a  concentrated  succession  of  harbours,  c 
warehouses,  etc^,  combining  all  the  modern  improvi 
facilities,  and  together  forming  a  harbour  which,  regaJ* 
question  of  exemption  from  customs  taxation,  might  bi 
advantage  as  a  model  by  many  of  our  younger  growing 

Some  of  the  facilities  mentioned  are  as  follows;—'*  Tl 
station  baa  four  connected  horizontal  steam  engines,  ea' 
furnishes  120  indicated  horse  power  and  two  deferential 
plungers  of  which  are  coupled  direct  to  the  steam  plat 
supply  1,906  cubic  feet  of  water  per  hour  at  a  pressure 
per  square  inch.  This  installation  is  capable  of  supplyin 
for  the  working  of  two  hundred  and  sixty  windlass) 
elevators  in  the  warehouses,  and  thIrty-sIx  cranes  oi 
including  the  necessary  reserves.  Most  of  the  windla 
maximum  raising  power  of  1,420  Ibs^,  while  some  few  ra 
as  1,^03  to  2MQ  lb.  at  a  time.  On  an  average  the  elai^ 
a  weight  of  2,640  lbs.** 

These  were  only  a  part  of  the  plant  fn  1S96, 

"  Hamburg  has  become  the  great  door  through  wh 
export  is  finding  its  way  to  the  world's  markets, 
important  manufacturer  in  Germany  who  has  not  a  re 
in  Hamburg,  The  same  may  be  said  of  Bohemia  and 
trial  Provinces  of  Austria,  and  to  some  extent  of  Ru 
representatives  are  caviled  export  agents,  and  are  thi 
between  the  producer  and  the  exporter.  They  liave,  in 
and  comfortable  establishments,  continuous  expositions  < 
samples  of  goods  likely  to  be  popular  with  buyers  beyoi 
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Copenhagen,  though  not  one  of  these  German  free  towns,  has  a 
Customs-Free  Port,  instituted  at  great  cost,  within  its  environs. 

The  kingdom  of  Denmark  saw  its  trade  in  the  Baltic  threatened 
by  the  building  of  the  German  canal  at  Kiel  and  the  rising  German 
competition,  and  to  ward  off  the  danger,  instituted  the  free  port, 
which  it  Is  believed  has  proved  a  great  success. 

The  object  of  instituting  a  free  port  at  a  place  like  St.  John, 
N.B.,  is  to  provide  a  place  where  dutiable  goods  of  all  descriptions 
could  be  brought  in  large  quantities,  stored,  assorted, .  blended,  and 
perhaps  manufactured  to  a  certain  extent,  and  exported  again  or 
shipped  to  any  part  of  the  country  on  the  shortest  notice,  in  any 
quantities  required,  free  from  interference  from  customs  officers, 
till  so  shipped. 

Thus  English  goods,  for  instance,  could  be  held  there  under 
warrant  or  otherwise,  and  the  store  could  be  drawn  on  in  large  or 
small  and  assorted  quantities  without  the  uncertainty  and  long 
delay  that  now  attend  their  importation  over  seas.  Advances  from 
•the  banks  or  trust  companies  could  be  arranged  for  at  low  rates 
on  goods  stored,  and  thus  larger  quantities  could  be  carried  in  stock. 
Shipbuilding  might  be  carried  on,  as  is  done  in  some  of  the  free 
ports. 

None  but  caretakers  and  Government  officials  are  usually  allowed 
to  reside  within  the  limits  of  the  free  port.  Meals  are  supplied  at 
licensed  restaurants  from  stores  that  have  paid  duty  on  all  dutiable 
Importations,  and  the  boundaries  are  strictly  guarded,  and  perhaps 
walled. 

To  emphasize  the  advantages  of  a  customs  free  port  I  quote  from 
a  pamphlet  published  by  the  Customs  Reform  Association  of  Copen- 
hagen before  a  free  port  was  instituted  there: — *'  Of  all  the 
hindrances  to  business  transactions  there  is  none  equal  to  customs 
control  for  waste  of  time  and  trouble,  especially  as  regards  goods 
imported  for  subsequent  re-exportation.  The  result  is  no  gain  to 
the  revenue,  but  simply  an  aggravation  of  the  difficulties  caused  by 
foreign  competition. 

"  A  free  port  is  a  harbour  with  an  adjacent  area  of  land,  which  the 
State  declares  to  be  emancipated  from  customs  control.  In  its  eyes 
it  constitutes  a  slice  of  foreign  territory,  with  which  the  customs 
authorities  have  no  concern.  Within  the  privileged  district  goods 
may  be  imported,  stored,  handled,  worked  upon,  and  finally 
re-exported,  without  those  authorities  having  any  voice  in  the 
matter.  Not  only  could  business  now  successfully  carried  on  under 
customs  restrictions  be  put  upon  a  still  more  favourable  footing  by 
the  help  of  such  a  port,  but  many  which  are  at  present  incapable  of 
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formlDg  remanerattve  undertakings  waitld  be  cbanged 
able  enterprises, 

''  A  free  port  [in  this  sense),  la  not  one  exempt  trot 
only  from  custams*  The  same  port  dues  niay  be  charge 
ordinary  portion  ot  the  harbour^  of  which  tlie  frea  port  fc 
Its  object,  however,  would  be  defeated  were  not  the  said 
kept  as  low  as  possible. 

'*  Bonded  warehouses  undoubtedly  afford  conslderab 
for  both  Inland  and  foreign  trade;  at  the  same  time  tl 
make -all  If  ts  when  compared  with  a  free  harbour.  All  the 
they  offer  are  shared  to  a  greater  extent  by  the  other^  ai 
Bible  dlaad vantages  connected  with  the  tatter  exist  tenfoli 
warehouses.  These  are,  In  fact,  merely  portions  of  a  fr 
hampered  by  restrictions  and  expeaseB  unknown  to  the 
continued  customs  Inspection  (or  waiting  for  inspection) ^ 
busine&a  hours*  the  contracted  space  render  all  t 
dimcult. 

'*  At  the  time  of  the  entry  of  Hamburg  into  the  Germ. 
Union,  attention  was  drawn  to  the  fact  that  the  mercan 
a  ace  of  the  town  lay,  not  in  its  situation,  but  in  Its  fr 
Goods  were  actually  brought  far  out  of  the  most  direct  ai 
respects,  cheaper  route  to  their  destination,  in  order  t 
the  conveniences  afforded  at  Hamburg  for  the  various 
inspection,  sampling,  sorting,  repacking,  etc.,  to  which 
there  be  subjected  in  freedom  from  customs  laterfereaci 

"That  distance  is  far  from  being  the  only  consldera 
fixing  of  freights  may  be  seen  from  the  timber  freights  I 
Baltic  and  England.  The  distances  to  the  Flrih  or'  For 
or  to  Yarmouth,  for  Instance,  from  the  Baltic,  are  nearly 
yet  freights  to  Hull  are,  as  a  rule,  10  per  cent,  higher,  i 
mouth  20  per  cent,  higher  than  to  ports  In  the  Firth  of  I 
freights  to  Swansea  and  Cardiff  are  no  higher  than  to  pi 
eest  coast,  in  spite  of  the  great  difference  In  distance*  ' 
for  the  above  are:  (1)»  the  shipping  expenses  are  grea 
than  in  the  Firth;  (2).  that  while  from  these  two  pi 
cargoes  may  be  obtained,  there  are  none  to  be  found  at 
(3)p  that  from  Cardiff  and  Swansea  there  is  an  in 
trade  across  the  ocean/' 
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An  example  of  the  pernicious  influence  of  the  custom 
bonded  warehouses  is  that  the  customs  authorities  mi 
claim  for  the  satisfaction  of  duties  owed  by  the  person  w 
not  merely  in  respect  of  the  goods  named  In  the  wa 
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of  all  goods  imported  by  him.  It  may,  therefore,  happen  that  the 
amount  of  duty  owing  exceeds  the  value  of  the  goods  in  question, 
and  the  warrants  become  worthless.  In  a  free  port  no  such  prior 
claim  could  be  asserted,  and  the  useful  institution  of  warrants  could 
be  introduced. 

**  An  example  or  two  may  be  given  here  of  the  loss  of  trade 
caused  (to  Copenhagen),  by  the  want  of  a  free  harbour.  Take,  for 
instance,  saltpetre,  which  pays  a  duty.  We  do  not  use  enough  of 
it  to  import  whole  shiploads  direct  from  South  America  ;  these  go, 
therefore,  to  Hamburg,  London,  or  other  free  ports,  are  there 
divided  and  distributed.  Had  we  a  free  port  the  distribution  could 
take  place  here.  We  should  save  the  Hamburg  charges  for  our- 
selves, reap  the  benefit,  and  secure  freights  for  our  vessels.  If  we 
take  an  original  shipload  of  1,000  tons,  of  which  300  only  are 
required  here,  under  present  circumstances  only  300  tons  enter  our 
port  ;  with  a  free  port  1,000  would  enter  and  700  go  out,  leaving  a 
profit  to  the  port  nearly  six  times  as  great.  Take,  again,  the  wine 
trade.  A  great  wine  business,  where  wines  from  all  parts  of  the 
world  can  be  stored,  blended,  and  otherwise  prepared  to  suit  the 
tastes  of  the  markets,  can  only  be  carried  on  with  the  help  of  a  free 
port.  Such  a  trade  would  be  invaluable  for  our  steamship  com- 
panies, and  might  make  an  opening  for  our  own  fruit  wines.  For 
this  purpose,  however,  it  Is  necessary  that  customs  operations 
should  be  limited  to  those  articles  really  consumed,  i.e.,  which  are 
actually  imported  for  consumption  in  the  country. 

"During  the  negotiations  attending  the  entry  of  Hamburg  into  the 
Customs  Union,  one  of  the  principal  firms  there  expressed  them- 
selves as  follows: 

"  Since  the  abolition  of  the  excise  duty  upon  spirit,  our  business 
has  increased  so  much  that  but  a  small  portion  of  our  turnout  Is 
consumed  in  the  country.  Our  position  as  a  free  port  has  alone 
sufficed  to  lend  this  importance  to  our  trade  with  Great  Britain, 
France,  Holland,  Spain,  Portugal,  Italy,  and  several  transatlantic 
places.  Even  if  a  return  of  duties  were  possible  to  be  made,  the 
waste  of  time  involved  would  prevent  prompt  attention  to  foreign 
customers;  orders  for  instance,  received  (to  no  matter  what  extent), 
from  England  or  France  are  expected  to  be  executed  within  24  hours. 
"  Another  large  firm  declared  that  the  trade  in  train-oil  would  be 
entirely  ruined  by  the  inclusion  of  the  port  of  Hamburg  in  the 
Customs  Union. 

"  The  same  opinion  was  expressed  by  other  firms  with  respect  to 
the  transit  trade  in  the  direction  of  Denmark,  Norway,  Sweden,  and 
Russia.     The  drug    trade    to    Russia,    Austria,    Switzerland,  Italy, 
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France,  and  Holland  was  greater  even  tlian  to  Germany  itself,  some 
portion  even  going  to  transatlantic  places;  but  It  would  be  impos- 
sible without  a  free  port.  The  same  was  said  In  regard  to  coffee 
and  tea. 

"  Over  and  over  again  the  free  port  was  quoted  as  the  principal 
source  of  the  mercantile  greatness  of  Hamburg." 

The  Dominion  of  Canada  should  have  one  or  more  Customs-Free 
Ports  on  the  Atlantic  and  the  Pacific.  St.  John,  N.  B.,  and  Van- 
couver, B.  C,  are  eminently  well  situated  for  the  location  of  such 
ports.  They  have  rapid  communication  with  all  parts  of  the 
Dominion  and  the  United  States  by  rail,  with  ever  open  harbours 
for  the  commerce  of  the  world.  If  the  Dominion  Government  could 
see  its  way  to  establish  such  customs-free  ports  it  would  be  of 
great  benefit  to  the  whole  country.  If,  in  addition  to  this,  the 
harbours  were  made  national  free  harbours  in  the  sense  of  ship- 
ping being  largely  freed  from  tonnage  dues,  and  the  customs 
preference  was  confined  to  goods  imported  direct  through  Canadian 
ports,  moderate '  geographical  disabilities  would  be  of  little  count, 
and  there  would  be  little  dread  of  outside  competition. 

If  there  proved  to  be  insuperable  difficulty  in  making  a  free  port 
in  an  old  established  port,  Turbelton  Bay  and  River  Inhabitants 
Basin,  in  the  southern  corner  of  Cape  Breton,  is  the  best  unappro- 
priated site  for  a  national  harbour.  It  is  one  of  the  most  easily 
approached  harbours  on  the  Atlantic  seaboard,  free,  or  easily  kept 
free,  from  ice  in  the  winter,  and  never  blockaded  by  drift  ice,  well 
sheltered  from  the  prevailing  storm  winds,  and  alwajs  accessible 
through  wide  waterways,  with  no  outlying  dangers  in  its  approach 
save  one  rock,  that  should  be  so  guarded  by  light,  etc.,  that  it  would 
be  the  guide  to  the  entrance.  Connected  with  the  I.  C.  R.  and  the 
Halifax  and  Eastern  Railway  by  a  car  ferry,  it  would  form  a  fine 
terminus. 

Map  4  shows  the  position  of  Turbleton  and  railways  present  and 
prospective.  Special  attention  is  called  to  the  B  line  from  Quebec 
to  St.  John  through  Metgormette,  Mattawamkeag,  and  St.  Stephen, 
following  the  valley  of  the  upper  Penobscot  River  in  part  of  its 
course. 

Another  proposed  piece  of  railway  (left  out  of  the  map)  would 
run  from  Moncton  to  Pugwash  by  the  Gulf  Shore,  giving  improved 
connection  with  Cape  Breton. 

When  the  western  boundary  of  New  Brunswick  is  a  straight  line 
it  runs  due  north  so  the  map  should  be  looked  at  diagonallv. 

From  an  Imperial  point  of  view,  this  institution  of  a  Customs- 
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Free  Port,  with  large  stocks  of  British  manufactured  goods  held  in 
stock  at  the  lowest  cost,  ready  for  immediate  delivery,  is  of  the 
utmost  importance.  Without  it,  and  adequate  advertising  in  printed 
matter  sent  broadcast  over  Canada  in  literature  that  Canadians 
will  be  interested  in,  the  manufacturers  in  the  British  Isles  cannot 
hope  to  hold  their  own  against  those  of  the  United  States,  even 
with  a  very  considerable  preference.  The  public  want  prompt 
delivery  after  they  have  decided  to  order,  they  want  goods .  that 
they  know  something  about.  Manufacturers  cannot  afford  to  have 
personal  representatives  everywhere;  with  this  point  in  view  it 
should  be  made  easy  for  Canadians  to  have  English  periodicals  at 
reasonable  prices,  subject  to  reasonable  (from  their  point  of  view), 
postage  charges,  carrying  up-to-date  advertisements  as  well  as 
Imperial  reading  matter. 

The  location  shown  for  the  Customs-Free  Port  is  not  the  only 
one  that  might  be  chosen  about  St.  John,  but  it  is  a  good  one  in  that 
there  is  a  large  amount  of  room,  in  and  about  it,  for  immediate  use 
and  future  extensions.  The  one  objection  that  might  be  raised  is 
that  South  Bay  freezes  over  in  the  winter,  but  this  can  be  remedied. 
It  is  a  large  but  comparatively  shallow  cove,  and  when  the  docks 
and  waterways  are  dredged  out  the  warm  currents  referred  to  can 
be  guided  through  it,  and  this,  with  ice-breakers  and  other  means, 
will  keep  it  sufficiently  clear  of  ice.  The  inner  part  of  the  bay  is 
shown  as  if  it  were  built  over  with  blocks  of  warehouses  with 
roadways  built  over  waterways  for  barge  transport  between;  thus 
this  part  could  be  covered  over  and  closed  in  so  that  there  would  be 
little  tendency  for  the  water  to  freeze.  The  dock  spaces  between 
the  piers  in  the  outer  part  would  be  cleared  of  ice  by  currents 
running  into  and  through  the  waterway  to  the  narrows. 

The  dredging  would  probably  be  largely  in  silt,  that  could  be 
moved  by  suction  dredges  and  deposited  where  required. 

The  arrangement  of  piers,  etc.,  is  different  in  the  lantern  view 
and  map — and,  of  course,  is  a  tentative  one. 

A  double  deck  arrangement  for  railway  tracks  on  the  wharves, 
with  car  elevators  at  intervals,  would  seem  to  be  a  good  one,  to  save 
shunting  room  for  sorting  out  empties  and  keeping  the  coming  and 
going  stream  of  cars  separate. 

Scheme  No.  6. 

Improvements  and  extensions  in  the  present  harbour. 

A  number  of  extra  piers  are  shown  to  the  south  of  the  Canadian 
Pacific  Railway  dock  on  the  west  side  of  the  harbour.  For  these* 
extensive  dredging,  of  an  expensive  nature,  will  be  required,  a  large- 
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part  of  whicli  may  be  In  rock.*  When  Negrotown  Head  I 
l3  extended  to  Partridge  Island,  at  Itie  mouth  of  the  harbo 
the  west  channeU  this  tier  of  piers  or  wharves  can  be  co 
the  Is!aDd,  Other  whar\'ea  may  be  added,  as  sbovti,  ii€ 
Canadian  Paclflc  Railway  dock,  replacing  the  antlquat 
wharves  at  present  occupying  the  '*flatB/*  One  of  these  ne 
Is  about  to  be  constructed* 

Lines  of  shore  wharnng  could  be  carried  up  the  sfd 
river  channel,  between  Navy  Island  and  the  bend  below  ll 

Considerable  improvements  can  also  be  effected  on  t 
Aide  of  the  harbour  The  C*  P.  R'y  wHl  probably  relocate 
from  the  Can  Til  ever  Bridge  to  the  I*  C.  R.  station,  o! 
reasonable  grade,  and  if  it  were  carried  nearer  the  ht 
timber  ponds,  running  through  a  short  tunnel,  where 
would  give  space  for  a  second  long  wbarf  near  the  L  C.  R 

The  railway  should  be  carried  along  near  the  water  fr 
East  Side  of  the  present  harbour,  perhaps  elevated  o 
Street.  The  east  side  of  Dock  Street,  or  its  continuation,  ] 
should  be  carried  on  in  a  straight  line  parallel  to  George  S 
Union  to  Pond  Street,  thus  widening  out  and  giving  space 
ing  an  elevated  roadway  on  tbe  hill  leading  to  the  statii 
along  Mill  Street  over  the  railway  tracks,  widening  agi 
corner  of  Main  Street,  to  let  it  descend  to  and  conned 
present  level  of  the  street  Other  improvements  as  showt 
can  be  made,  especially  by  carrying  a  tier  of  plera 
the  **  foulground  "  to  the  south  of  the  city  (east),  when  t 
protection  is  gained  by  the  closing  Of  the  west  chan 
referred  to,  and  possibly  by  running  another  breakw 
Partridge  Island  eastward  to  the  edge  of  the  main  ctianne 

In  addition  to  this  wharf  accommodation,  it  is  propose 
extensive  railway  yards  on  the  beacb  behind  the  tier  c 
south  or  the  Canadian  Pacific  Railway  wharf,  and  to  Ic 
dock  in  the  pond   back  of  tbe  Canadian   Pacific  Railway 

All  these  improvements  should  he  made  under  a 
well-considered  plan. 
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*  TbU  (um  »Lnce  beeo  teitttc]  nod  IUt]«  ar  do  lalld  rock  founcL  Thew  p 
o|tpo«Lt«  on  tlifi  rfi4t  tide  i^iould  be  built  nuAkln^  au  abtui*  ad^IC'  with  Lbe  cbKhn 
■■ftbownoii  Map  NV  1  lniu>iiij  of  MRhifWU  oa  Map  2.  Mr.  £.T.  P  f^M^w^u,  M.  Can 
pmpoved  thmt  tbla  11q«  of  docki  on  th»  we«t  s]de  should  be  iwung  b«rk  4o  give 
tlie  biiTtHmr  %%  iiiltt  polm,  but  the  writer  would  rather  HdtcM?*te  earPirliis  tbe  dr 
Id  oh  ebe  pui  <ld?  tbus  gMng  tULtrtt  hMthoiit  rwmi  whllo  keeplh^the  plfrvoD  tfe 
long  u  practicable  and  Iniurlotf  (rood  rullivny  jrij^d  room  behind. 

t  JJoTK- Curler oti  Is.  la  part,  built  over  ttdji]  flaCi.  Tbeit  Hits  weKd;it«n 
mill  pobd  louff  Bg4:>  tu^d  to  auppL/  i^ow^r  to  » clde  mill. 


as  a  Great  Port  265 

In  the  writer's  opinion,  several  mistakes  are  being  made  for  the 
want  of  such  a  general  plan. 

(1)  The  location  of  the  dry  dock  is  deemed  bad,  as  it  will  occupy 
ground  that  should  be  devoted  to  terminal  facilities.  It  lies  at  the 
head  of  a  most  important  tier  of  wharves,  to  which  it  cramps  the 
approach.  In  fact,  all  the  low  ground  in  Carleton  should  eventually 
be  given  up  to  railway  purposes. 

(2)  The  idea  of  putting  In  a  swing  bridge,  as  proposed,  at  the 
head  of  the  Canadian  Pacific  Railway  dock,  in  the  approach  to 
the  dry  dock,  instead  of  a  bascule  bridge,  seems  unreasonable,  as  it 
wastes  dock  room,  and  precludes  the  multiplication  of  tracks 
to  the  piers  that  will  eventually  be  built  to  the  north. 

(3)  There  is  an  angle  in  the  north  face  of  the  Canadian  Pacific 
Railway  wharf  at  about  midlength,  and  it  is  proposed  to  build 
the  next  wharf  nearly  parallel  to  this  face,  with  corresponding 
bend,  and  three  hundred  feet  distant,  so  that  it  will  be  difficult  for 
large  vessels  to  get  to  the  head  of  the  slip  or  pass  through  to  the 
dry  dock  entrance  when  all  the  loading  berths  but  one,  at  the  head 
of  the  Canadian  Pacific  Railway  wharf,  are  occupied  with  large 
vessels.  A  sketch  of  a  possible  case  is  shown.  Thia  break  in  the 
line  of  face  makes  it  impossible  to  use  the  line  of  wharf  to  the  best 
advantage,  as  vessels  of  all  lengths  have  to  be  accommodated,  and 
each  part  of  the  face  may  not  be  long  enough  for  three  vessels, 
while  there  is  waste  room  with  two.  The  writer  suggested  the 
arrangement  shown  on  Map  2 — leaving  the  triangular  water  space 
at  the  head  of  the  Canadian  Pacific  Railway  dock  —  thus  giving  a 
long,  straight  wharf  almost  the  full  letigth  to  Union  street.  The 
line  of  pier  would  then  be  in  accord  with  a  general  plan.  It  would 
mean  a  little  more  dredging  at  once.  In  speaking  of  this  as  the 
Canadian  Pacific  Railway  Dock  or  Wharf  it  should  be  noted  that 
only  a  small  part  of  the  wharf  on  the  harbour  front,  the  elevator, 
and  some  other  easements  belong  to  the  C.  P.  R'y.  The  docks  are 
really  owned  by  the  City  of  St.  John,  though  at  present  used 
largely  by  the  C.  P.  R'y, 

Further,  in  the  plan  adopted,  instead  of  the  outer  part  of  the 
new  pier  being  exactly  parallel  with  the  Canadian  Pacific  Railway 
wharf,  it  ]&  proposed  to  make  the  slip  one  hundred  feet  wider  at  the 
outer  end  than  at  the  bend.  This  will  improve  the  entrance 
slightly,  but  may  interfere  with  a  general  plan  for  future  develop- 
ments. 

Pile  work,  as  ordinarily  used  for  wharf  building,  does  not  seem 
to  be  successful  in  Bay  of  Fundy  waters,  on  account  of  the  great 
rise  and  fall  of  the  tide  and  the  nature  of  the  banks  into  which  the 
piles  must  be  driven,  consequently   crib   work   or  other  solid  con- 
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Btruction  is  aJways  used,  thoiigh  expensive.    Some  cases  wl 
work  has  been  trie4  and  failed  are  as  follows: 

At  the  Fort  Laurance  end  of  the  Chlgnecto  Marine  Ti 
Railway  a  temporary  wharf  was  buUl  on  piles.  When 
scarcely  finished,  some  weight  was  put  on  the  bank  behind, 
whole  bank  slid  off  upsetting  the  pile  struciure  into  the  be 
river. 

In  a  similar  manner    It    was    attempted    to    build    par 
Canadian  Pacific  Railway  wharf  In  St.  John,    Before  it  was 
and  wlthoiU  any  added  weight  behind*  the  bank  gave  way 
the  same  manner. 

The  ejtplanation  would  seem  to  be  that  the  silt  banks,  w 
nfng  water  at  the  foot  when  the  tide  is  out,  stand  at  a  sleep 
greater  than  their  ordinary  angle  of  repose.  When  piles  ar 
into  them  they  are  disturbed  and  water  probably  follows  d 
piH,  loosening  the  cohesion  and  together  wedging  off  a  prt 

To  guard  against  this  it  would  be  necessary  to  cut  d 
bank  to  or  beyond  the  angle  of  repose,  and  to  brace  the  pill 
the  new  surface  up. 


Scheme  No.  7, 
Shit  it  in  ff  ifi  the  pracni  hurhonr. 


I 


This  schema  has  been  advocated  by  some.  By  It,  it  1«  | 
to  shut  in  the  harbour  of  St.  John,  including  Ck>urteii 
and  an  area  outside  the  present  harbour,  by  watertlg 
extending  from  Partridge  Islanl  either  way  to  the  mainla 
a  lock,  or  locks,  at  the  channel  entrance,  and  with  a  slulc 
the  eastern  side,  so  regulated  that  there  would  not  be  m* 
about  a  five  loot  rise  and  fall  of  tide  In  the  part  shut  In.  ' 
ways  would  run  out  on  the  dike  and  make  connection  ' 
docks  on  the  inside;  a  great  amount  of  dredging  would  be 
unnecessary,  and  deep  water  would  be  retained  over  a  lai 
where  wharves  at  comparatively  moderate  expense  con  Id 
fllructed*  This  Is  a  magnlllcent  scheme,  and  would  mat 
harbour  If  it  could  be  properly  carried  out  without  too  g; 
or  too  many  drawbacks.  Its  cost  would  be  very  great; 
would  average  fifty  feet  high  above  the  present  bottom,  tl 
to  which  might  increase  very  largely  by  scour  while  the  w 
^essedj  as  the  foundations  are  uncertain;  It  would  bave  to 
with  ice  formation  in  the  winter,  as    In   large    sections  of 


NoTC— AU  tht  terminal  r»l)way*  within  the  port  nmiit  abaulrl  b^  vr*«tea^bj  Icj 
wljfl,  under  on «  roriiti*ny  ur  eommlBilrjti.  iindsr  the  conrroj  or  tta^  G^nvfml  Bi 
inlMilori,  ftrj  that  there  ivuuld  be  no  conflict  uf  lut^fvii  1u  the  nftUotiAl  port* 
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would  be  little  or  no  current;  It  would  have  a  tendency  to  back  up 
the  water  of  the  river,  perhaps  flooding  valuable  lands,  and  would 
gradually  silt  up  and  eventually  necessitate  very  extensive  dredg- 
ing, and,  further,  it  would  necessitate  extensive  protection  works  at 
the  lock  entrance,  with  an  adequate  artificial  harbour  of  refuge 
outside  for  coasting  vessels. 

Scheme  No.  8. 
Further  effects  of  the  canal. 

The  canal,  from  the  head  of  the  present  harbour  to  the  St.  John 
River  proper,  besides  opening  up  the  new  harbour  above  the  falls, 
will  open  up  a  large  part  of  the  centre  of  the  Province  to  ocean 
traffic.  See  Map  3.  When  opened  it  will  allow  the  largest  ocean 
steamships  to  pass  up  the  St.  John  River  in  wide,  deep  waters — 
waters  which  average  a  quarter  of  a  mile  wide  and  over  40  feet 
deep  for  23  miles,  or  about  to  Oak  Point.  Should  the  traffic  warrant 
keeping  this  stretch  open  in  winter  the  ice  would  not  be  an 
insuperable  barrier,  as  there  is  often  open  water  through  parts  of 
it  during  the  winter  months.  It  would  give  an  opportunity  for  new 
manufacturing  cities  to  spring  up. 

In  a  more  restricted  channel,  with  but  little  improvement, 
vessels  drawing  twenty-five  feet  could  go  10  miles  further  up  to 
the  Spoon  Island  granite  quarries  and  into  the  Belleisle,  which  is 
a  long,  deep,  lake-like  river  expansion.  Again,  vessels  drawing  20 
feet  could  go  to  Gagetown,  45  miles  up  and  into  the  Washade- 
moak  and  Grand  Lake,  tapping  the  coal  fields  of  New  Brunswick. 

Above  Gagetown  large  regulating  works,  raising  the  summer 
water  level  8  or  10  feet,  would  be  required  to  carry  vessels 
drawing  20  feet  as  far  as  Fredericton,  the  capital  of  the 
Province,  79  miles  by  river  from  St.  John.  The  regulating  works 
might  take  the  form  of  a  submergeable  dam  and  bridge  foundation 
with  a  Jock  connecting  with  Gagetown  Canal  and  a  wide  by-pass 
or  sluice-way,  variably  closed,  to  the  desired  extent,  by  a  submerged 
rolling  cylinder  so  that  lumber  rafts  could  be  passed  without  delay 
or  injury. 

Then,  again,  access  would  be  given  to  the  Kennebeccasis  with 
wide,  deep  waters  running  close  in  shore,  making  Rothesay,  Clifton, 
and  other  villages  into  possible  sea  ports,  and  carrying  ocean  navi- 
gation 30  or  more  miles  in  this  direction,  thus  opening  about  175 
miles  of  waterways  to  ocean  navis^ation. 

The  St.  John  Valley,  below  Fredericton,  is  capable  of  raising  and 
exporting  thirty  thousand  head  of  cattle  annually.  If  St.  John  is 
to  hold  undisputed  supremacy  as  the  winter  freight  port  of  the 
Dominion  the  back  country  in  its  neighborhood  must  be  built  up. 
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Hr^  Ro^ 


Mr.  AniiitranK 


Mr.  Roy 


Mr.  Lea 


Hr.  Arcoitrong 


Mr.  AfinitrQOfl 


Mr.  Roy  (Chambre  de  Commerce) — If  the  Improvements  con- 
sidered by  Mr.  Armstrong  were  carried  out  St.  John's  harbour 
would  no  doubt  become  an  exceptionally  fine  port.  These  works 
would,  however,  cost  a  great  deal  of  money,  a  matter  about  which 
Mr.  Armstrong  has  not  given  enough  information. 

Mr.  J.  S.  Armstrong  (M.  Can.  Soc.  C.  E.)— It  would  be  a  very 
difficult  thing  to  give  an  estimate  of  the  cost  of  works  which  are 
only  possibilities  and  may  never  be  executed,  such  as,  for  instance, 
the  project  of  the  Marsh  Canal  and  the  shutting  in  of  the  harbour. 
There  have  been  no  definite  surveys  made  from  which  to  form  esti- 
mates. The  excavation  of  1,000,000  cubic  yards  for  the  canal  and 
large  twin  locks  would  cost  at  least  13,000,000;  and  the  wharves,  as 
planned  in  the  paper,  would  cost  an  amount  depending  upon  their 
extent.  St.  John  has  already  spent  |1,000,000  in  new  wharves;  but 
any  port,  that  is  to  be  an  important  one,  has  to  face  large  expendi- 
tures. Immense  amounts  have  been  spent  on  the  ports  of  Liverpool, 
Bristol,  and  Manchester. 

That  is  quite  true,  and  one  only  need  consider  the  port  of 
Montreal  to  appreciate  what  wonderful  improvements  could  be  made 
if  the  necessary  money  were  at  hand.  There  are  projects  of  extend- 
ing the  harbour  to  the  east,  at  Maisonneuve,  and  with  adequate 
sums,  dry  docks,  basins,  etc.,  could  be  built.  Some  of  the  ideas 
expressed  in  Mr.  Armstrong's  paper  are  excellent. 

Mr.  R.  S.  Lea  (M.  Can.  Soc.  C.  E.) — Would  you  recommend  any 
one  of  these  schemes  in  particular,  Mr.  Armstrong? 

The  canal  scheme,  which  has  been  the  speaker's  favourite  pro- 
ject, would  open  up  the  Province  to  ocean  traffic.  It  would  also 
open  a  large  harbour  area  at  comparatively  small  cost.  The  wharves 
In  the  outer  part  of  the  harbour  are  necessary  and  they  will  follow 
on  some  definite  plan,  particularly  if  the  Government  takes  the 
harbour  over  and  puts  it  under  a  commission.  The  reclamation  of 
Courtenay  Bay  will  be  carried  out  some  time.  It  is  referred  to  in 
Scheme  No.  2. 

To  what  depth  can  the  harbour  be  dredged  along  the  present 
terminals  without  undermining  the  piers,  sheds,  etc.? 

The  foundation  for  the  new  piers  that  have  lately  been  built 
have  been  dredged  out  to  30  and  32  feet  at  low  water.  In  dredging 
for  the  new  wharves  the  Union  street  embankment  was  undermined 
and  collapsed,  new  provision  having  to  be  made  for  the  street  and 
railway  tracks.  Old  wharves  have  been  removed  where  new  ones 
Lave  been  constructed. 
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Mr.  F.  W.  Cowie  (M.  Can.  Soc.  C.  E.) — ^The  speaker  has  read  Mr.  Mr.Oowio 
Armstrong's  paper  with  much  interest,  and  wishes  to  congratulate 
the  writer  and  the  Society  for  taking  up  the  matter,  not  only  from 
an  engineering,  but  from  a  commercial  point  of  view. 

Engineering  designs,  such  as  those  under  consideration,  are  of 
paramount  importance  in  connection  with  Canadian  transportation 
problems  and  the  future  of  the  country.  The  question  of  a  National 
port  is  not  only  a  vital  one  to  Canada  but  also  of  great  importance 
to  Montreal.  A  very  large  proportion  of  Montreal's  summer  trade 
is,  under  present  conditions,  diverted  to  foreign  ports  during  the 
winter  months.  It  is  essential  that  this  important  traffic  be  retained 
in  Canadian  channels.  A  port  on  our  own  seaboard  must  be 
equipped  to  compete  with  those  of  New  York,  Boston,  and  Portland. 

In  regard  to  the  different  schemes  mentioned  in  the  paper,  it  is 
not  quite  clear  to  the  speaker  whether  or  not  the  canal  has  any 
connection  with  the  harbour  proper.  The  canal  is  probably  designed 
to  open  up  the  inland  part  of  the  Province  of  New  Brunswick.  It 
is  not  on  the  general  transportation  route  of  Canada. 

St.  John  is  not  much  more  distant  from  Montreal  and  Quebec 
than  from  the  Atlantic  United  States  ports.  The  speaker  spent  two 
weeks  in  St.  John  last  autumn,  and  learned  from  navigators  and 
pilots  that  there  are  some  difficulties  of  navigation  in  entering  the 
harbour,  and  that  it  would  require  considerable  improvements  to 
make  an  entrance  to  a  safe  harbour  available  at  all  stages  of  tide. 
It  would  therefore  appear  that  a  harbour  built  outside  the  present 
entrance,  between  the  Canadian  Pacific  Railway  dock  and  the  break- 
water, would  overcome  to  a  great  extent  the  difficulties  of  the 
present  entrance. 

Currents  produced  by  a  river  flowing  through  a  harbour  are 
usually  a  disadvantage,  and,  added  to  such  a  great  range  of  the  tide 
as  at  St.  John,  they  become  serious. 

'  The  present  railway  approaches  to  St.  John  also  are  at  some  dis- 
advantage on  account  of  the  heavy  grades.  Terminals  are  required, 
and  land  for  that  purpose  must  be  made. 

St.  John  is  at  present  the  most  available  winter  port  in  Canada, 
and  owing  to  its  proximity  to  the  Atlantic,  has  built  up  a  large 
'Winter  trade. 

With  regard  to  a  choice  of  winter  port  on  the  Bay  of  Fundy,  an 
old  report,  dated  1784,  by  Colonel  Morse,  R.  E.,  who  was  sent  by 
King  George  III  to  report  on  suitable  harbours  in  Canada,  makes 
the  statement  that  "St.  John  is  not  a  harbour  for  men-of-war,  nor, 
indeed,  a  good  one  for  merchantmen." 

Since  that  time  a  great  deal  of  work  has  been  done,  but  there 
still  is  room  for  improvement  in  order  to  make  St.  John  a  good 
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Hf.CQwie  harbour  for  the  present  large  merchant  Bteamers.    If  tl 

can  be  m^ide  easy  and  safe  at  all  stages  of  the  tide,  and 
way    lines    between    Montreal    and   Quebec    and    St.    Jo 
constructed  in  accordance  with  modem  standards,  the 
John  abould  bave  a  very  great  future. 

It  would  seem  to  be  necessary  to  build  the  harbour  a 
avoid  the  difficulty  of  the  bar  In  the  vicinity  of  the  beac 
Dredging  on  that  bar  is  a  matter  of  some  ditScuHy 
of  the  high  range  of  the  tide  and  the  ever-changing  cur 
speaker  has  been  informed  that  the  material,  coasisttni 
clay*  and  stones,  does  not  in  Itself  present  any  serious  i 
dredging.  The  question  of  whether  the  channel  and  the  b 
dredged,  will  fill  In  again  Is  an  important  one,  on 
Armitrong  may  be  able  to  throw  sonie  light, 

Mr  Artintronf  The  bar  at  the  mouth    of    the    harljour   should  be  d 

The  speaker  does  not  know  whether  there  is  any  data 
to  show  whether  the  bar  has  increased  or  not  in  recen 
survey  of  the  harbour  was  made  a  number  of  years  ago 
Purley.  but  the  records  of  that  survey  were  lost  in  the  S) 
It  is  doubtful  If  any  soundings  were  taken  on  the  bar 
harbour,  although  they  were  taken  everywhere  withlr 
regard  to  St.  John  being  a  dangerous  port  to  approac 
scarcely  agree  to  that.  It  is  an  easy  port  to  enter  as 
approach  from  outside  Partridge  Island  is  concerned, 
of  course,  understand  the  harbour  and,  knowing  the  di 
rents  well,  they  generally  manage  to  bring  in  vessels  t 
trouijie.  There  is,  however,  some  difficulty  tn  bringing  h 
ere  up  the  inner  harbour  channel,  near  the  beacon,  at  cc 
of  tide  in  contending  cun-ents.  The  dredging  out  and  St 
of  the  channel  will  greatly  lessen  the  danger  on  this 
present  It  is  quite  crooked  and  narrowed  at  points  by  Iso 
such  as  **Ameriean"  roclx,  which  stands  well  out  in  tJ 
As  far  as  the  speakei^'s  knowledge  of  the  beacon  bar  Is 
he  believes  that  it  has  not  changed  in  the  last  thirty 
nothing  but  silt  is  brought  down  by  the  river,  any  fill! 
have  come  from  the  ballast  of  vessels  or  from,  outside  t 
With  regard  to  the  canal,  it  would  not  only  open  up 
of  the  Province,  but  would  Increase  the  size  of  the  harl 
the  vessels  were  In  the  harbour  they  could  pass  throug 
and  get  into  a  much  larger  basin,  where  they  could  load 
The  canal  would  increase  the  facllitless  at  St.  John.  St.  , 
do  not  like  to  hear  their  harbour  spoken  of  as  a  danger 
any  way.  and  very  few  vessels  are  lost  there,  in  fact,  fe^ 
other  ports  claimed  to  be  less  dangerous. 
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Mr.  J.  A.  Jamieson  (M.  Can.  Soc.  C.  E.)— To  one  who  has  had  the  Mr.  j»inicK)n 
opportunity  of  becoming  quite  familiar  with  St.  John,  the  harbour 
appears  to  suffer  under  two  disabilities.  One  Is  the  extreme  range 
of  tide  of  approximately  3Q  feet,  which  causes  a  good  deal  of  cur- 
rent In  the  harbour  during  ebb  and  flow,  and  makes  It  a  little 
difficult  at  times  for  vessels  to  pass  in  or  out  from  the  different 
piers.  However,  there  are  stages  in  the  tide  when  the  vessels  can 
come  in  without  any  practical  difficulty,  except  perhaps  during  the 
time  when  the  river  at  St.  John  is  in  flood,  during  which  period  a 
great  deal  of  water  comes  down  Into  the  harbour.  The  usual 
opinion  of  captains  and  seafaring  men  down  there  is  that  there  is 
not  any  great  difficulty  in  approaching  the  harbour  at  the  proper 
stage  of  the  tide. 

The  schemes  which  have  been  outlined  by  Mr.  Armstrong  are, 
for  the  most  part,  rather  expensive,  and  some  of  them  are,  as  he 
has  stated,  remote  possibilities.  The  natural  expansion  of  St.  John 
will  be  from  Sand  Point  to  the  beacon  on  the  flats,  i.e.,  from  the 
existing  Canadian  Pacific  wharves  towards  Partridge  Island,  an 
area  which  seems  particularly  well  suited  for  additional  piers. 

I'he  other  disability  referred  to  is  In  connection  with  the  rail- 
ways. The  land  surrounding  the  town,  particularly  on  the  west 
side,  Is  high,  and  there  is  very  little  land  on  the  lower  levels  which 
is  suitable  for  sidings  and  storage  yards. 

The  railway  yards  are  thus  at  a  considerable  distance  from  the 
wharves,  and  the  conditions  require  much  shunting,  with  resulting 
delay.  The  present  tracks  are  much  congested  where  they  come  In 
at  Sand  Point,  and  the  speaker  has  observed  very  great  delay  In 
bringing  cars  both  to  the  sheds  and  to  the  elevators.  If  the  piers 
were  carried  out  across  the  flats  they  would  be  nearer  to  the  railway 
yards,  where  the  shunting  could  be  done  to  better  advantage. 

At  the  Intercolonial  terminal,  which  Is  on  the  east  side,  near 
the  head  of  the  harbour,  the  conditions  for  moving  cars  are  also 
very  unfavourable.  On  the  other  hand,  there  are  better  facilities 
for  getting  steamships  in  and  out  of  the  harbour  at  this  point.  In 
spite  of  rather  a  bad  eddy  caused  there  by  the  river. 

The  canal  scheme,  for  the  enlargement  of  the  harbour  of  St. 
John,  Is  a  very  good  one,  provided,  of  course,  that  such  extension 
becomes  necessary.  The  portion  of  the  St.  John  river,  or  Kenne- 
becasls.  proposed  to  be  utilized  for  docks,  is  extensive,  and  is 
understood  to  contain  deep  water. 

The  suggested  silting  on  the  bar,  at  the  mouth  of  the  harbour, 
cannot  be  of  much  consequence.  No  sand  or  other  material,  to  any 
great  amount,  comes  down  the  river  St.  John,  so  that  there  cannot 
be  any  extent  of  material  subject  to  shifting  under  the  action  of 
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Mr.  jMiiitwon    the   tlde«   and   currents.     Whatever   Is   present   consists 
gravel  or  boutders  and  clay* 

The  pier  system,  which  is  now  being  enlarged,  was  co 
at  Sand  Point.  Th#  wharv^es  were  huHt  In  line  with  that  F 
will,  to  a  consfderable  degree,  govern  future  extensions,  un; 
be  a  radical  change  of  plan.  The  speaker  was  engaged  Ln 
an  elevator  there  whea  the  city  began  the  first  pien  ' 
along  the  face  of  Sand  Point  and  carried  the  pier  back  so  s 
form  with  the  outline  of  this  point.  The  wharf  thus  be* 
angular  in  sha^ie  on  the  north  face.  It  Is  undoubtedly  i 
problem  to  build  piers  in  the  SL  John  harbour*  Mr*  Armsi 
spolten  of  the  need  of  building  very  heavy  crib  piers.  Th 
taluly  a  necessity;  and  they  must  be  very  high  and  very 
order  to  meet  the  conditions  resulting  from  a  range  of  fr 
32  feet  of  tide. 

At  Sand  Point,  on  which  the  speaker  took  many  s 
there  is  a  considerable  thickness  of  gravel  overlying  a  ^ 
bed  of  a  flne  slippy  clay*  Rock  at  that  particular  place  hs 
been  reached,  and  the  result  Is  thai  these  heavy  cribs  t» 
after  having  been  set  and  loaded,  settle  to  a  considerable  ei 
the  clay*  The  Incident  quoted  by  Mr*  Armstrong  of  attei 
build  a  pier  wharf  on  tlie  inner  side  towards  Union  stre 
went  Into  the  river  before  it  was  half  built*  is  Quite  fre 
speaker's  memory.  It  was  due  to  the  fact  that  there 
enough  piles*  and  that  they  had  not  been  sufficiently  i 
carry  the  load.  The  piles  sank  two  feet  at  the  last  bl< 
hammer.  One  would  not  expect  them  to  carry  much  Ic^d  I 
They  abandoned  this  scheme  and  put  In  wooden  cribs, 
after  these  were  put  In,  the  fllUng  In  with  rock  causes 
slide,  eJio^wlng  that  the  clay  there  is  of  too  nncertain  a 
build  upon.  This  formation  seems  to  extend  pretty  well 
bend  In  the  river  to  Navy  Island* 

Dredging  operations  are  comparatively  easy,  and  notwil 
these  dilflculties,  it  is  apparently  very  well  proven  that  th 
carry  the  piers  and  make  a  very  good  harbour  In  ever) 
appears  to  the  speaker  that  the  development  of  St.  4oh 
in  the  future  must  continue  on  the  lines  already  comme 
Is,  by  building  outwards  towards  the  beacon. 
AMtmiitr  PoRBibly  Mr.  Armstrong  may  be  able  to  give  some  ii 

on  the  tiue&tlon  of  the  relative  advantages  of  St*  John  ove 
There  can  be  no  doubt  that  a  winter  port  would  be  a  gn 
tage  to  Canada,  and  particularly  to  Montreal,  The  qi 
could  the  same  amount  of  money  be  spent  elsewhere  ai 
better  conditions? 
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The  speaker  has  given  some  thought  to  the  possibility  of  finding  lir.AnnBtrong 
another  port  near  Montreal,  and  to  the  question  of  its  location  in 
the  Bay  of  Fundy.  He  has  been  at  L'Etang.  It  Is  not  a  very  large 
place,  and  it  has  a  tide  about  the  same  as  at  St.  John.  Its  deep 
water  area  is  shut  in  by  rocks,  and  its  approach  from  the  ocean  is 
narrow,  the  entrance  rocky  with  dangerous  Islands  near  the  mouth, 
and  it  would  be  much  harder  to  find  than  St.  John,  especially  in 
foggy  weather,  which,  at  the  mouth  of  the  bay,  is  of  frequent  occur- 
rence at  certain  times  of  the  year.  St.  John  Is  easy  to  approach  in 
the  fog  because  it  opens  with  a  wide  mouth,  and  bearings  or  sound- 
ings may  be  taken.  From  the  mouth  of  the  bay  near  the  Lurcher 
shoals,  one  can  sail  in,  in  a  direct  line,  until  one  comes  within 
sound  of  the  fog  horn,  which  serves  as  a  guide  to  the  harbour.  In 
Passamaquoddy  Bay  there  is  a  possibility  of  a  port,  but  the  entrance 
to  it  is  also  very  difficult. 

Would  heavy  seas  be  a  disadvantage  to  the  outside  development  Mr.  Lea 
of  St.  John? 

St.  John  is  fairly  protected  from  storms,  but  there  are  difficulties  MnArmatrong 
in  the  way  of  greatly  enlarging  the  present  harbour.    That  is  why 
the  speaker  advocates  the  canal. 

There  is  another  point  in  regard  to  St.  John  harbour.     It  has  Mr.  Jamieson 
one  big  advantage.    You  can  build  pile  or  cribwork  wharves  with 
perfect  safety  so  far  as  damage  from  the  teredo  is  concerned.  There 
is  sufficient  fresh  water  to  give  it  immunity  froln  this  pest,  and  this 
is  an  advantage  which  very  few  harbours  on  the  Atlantic  coast 


Mr.  M.  Henry — What    traffic    would    come    down  through  the  Mr.  Henry 
canal,  and  would  the  canal  be  in  use  during  the  winter  months, 
when  all  the  trade  of  the  St.  John  river  is  nearly  over? 

In  the  harbour  above  the  canal  there  is  no  ice,  and  for  a  number  ^'-  Armstrong 
of  miiies' above  the  narrows  the  ice  does  not  form  very  thickly,  so 
the  South  Bay  docks  can  be  kept  free.  The  idea  is  to  use  this  extra 
harbour  in  the  neighbourhood  of  St.  John  the  whole  year  round. 
As  far  as  regards  freight  being  brought  down,  New  Brunswick 
could  provide  a  lot  of  trade,  and  any  town  springing  up  in  the 
interior  would  cause  additional  traffic  along  the  canal.  The  St. 
John  valley,  below  Fredericton,  is  capable  of  raising  20,000  to 
30,000  head  of  cattle  every  year  if  there  were  facilities  for  shipping 
them.  The  farmers  have  not  gone  into  the  stock-raising  business 
to  any  extent  because  they  could  not  get  the  cattle  shipped  in  the 
winter.  There  are  no  railway  facilities  along  the  St.  John  river,  and 
the  large  vessels  cannot  pass  up  to  load. 

Onie^tlf rthe-' imfbTtaUt  questions  is  that  of  cost.    Who  is  going  to  Mr.  Henry 
get  the  benefit  arising  from  spending  such  a  great  quantity  of  money 
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Ur.Uanrj  on  this  port  duHng  the  season  when  Montreal  as  a  p< 

It  would  appear  lo  be  mainly  the  city  ot  BL  Jotm, 
extent  the  Canadian  Pacific  Railway.  No  doubt  this  h 
ture  w^ould  make  St.  John  rather  expensive,  and  steal 
have  to  pay  larger  dues  than  at  present.  The  city  of 
the  Canadian  Paclflc  Railway  should  stand  the  bulk 
Ships  going  to  docks  at  Boston  and  Kew  York  do  not  h 
at  all  to  pay,  and  it  is  the  same  In  Baltimore.  Phih 
Portland.  As  the  railways  are  getting  the  largest  ai 
heneflts  they  ought  to  pay  most  of  the  cosL  The  Gov 
have  all  it  can  do  to  pay  for  the  dredging  ot  the 
the  bar. 

Mr  Arnjuronif  Canada  is  bouud  to  have  a  winter  port,  and  wh€ 

Httle  or  much,  it  has  to  come.  Whether  It  1b  to  be 
another  place  Is  a  question  that  must  he  decided  hj 
faelUties  of  the  port.  The  country  shonld  take  up  t 
own  the  port,  and  spend  the  money  there  irrespectlr 
it  will  build  np  the  place  or  not.  No  doubt  vessels  hav 
In  Boston  and  other  ports  Just  as  in  St.  John,  and  it 
question  of  whether  they  are  higher  in  one  place  or  i 
depends  on  what  the  arrangements  are.  If  the  Goven 
Montreal,  St.  John,  and  Halifax  national  ports,  and  do< 
all  dues,  they  will  do  it  in  the  interest  of  the  whole  o; 
everybody  using  imported  goods  will  get  them  at  lowi 

Mr.  Kerfjf  Mr.  J.  G.  G.  KzfiEY  (M.  Can.  Soc.  C-  EJ— It  la  only  1 

the  people  of  St.  John  that  they  have  made  more  s 
done  more  for  themselves,  than  the  inhabitants  of  any 
Canada.  Without  being  able  to  give  statistics,  the  spe 
that  It  is  an  actual  fact  that  they  have  done  more  tow£ 
development.  In  so  far,  too,  as  the  question  of  impc 
building  up  a  national  port.  Is  concerned,  the  sacrifi 
Cana(iian  Pacific  Railway  have  made  for  the  pnrpost 
up  a  national  port  must  also  be  recognized.  It  Is  a  re 
to  say  that  the  extra  cost  to  the  Canadian  Pacifl^c  Ral 
from  handling  freight  via  St.  John,  la  about  eqni 
freight  twice  across  the  Atlantic  Instead  of  once.  So 
has  been  made  to  the  Importance  to  Montreal  of  b 
winter  port  at  St.  John.  It  seems  to  the  speaker 
ini mediate  future,  according  to  the  trend  In  develop 
national  transportation  problem,  the  building  up  of  tl 
John  wlil  ultimately  result  in  the  loss  of  trafflc  to  ] 
an  increase  of  that  traffic  to  Quebec.  It  is  not  a  ' 
Montreal  is  particularly  interested  in.  It  Is  a  quest 
whole  of  Canada    is    interested    in.     The    direct    rou 
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freight  from  St.  John  will  lie  not  through  Montreal  but  through  Mr.  Kerry 
Quebec,  and  naturally  the  port  furnishing  the  commercial  efficiency 
will  always  be  used. 

St.  John  has  certainly  done  a  great  deal  for  Itself.  Of  course  Mr.jamiwon 
the  city,  as  a  city,  owns  the  harbour  front  with  very  little  excep- 
tion, and  has  spent  a  very  large  amount  of  money  in  building  up 
its  trade.  St.  John  has  developed  more  or  less  into  a  winter  port, 
and  it  may  soon  be  the  winter  port  of  Canada  so  far  as  the  bulk  of 
the  trade  is  concerned.  To  keep  pace  with  the  necessary  develop- 
ments of  the  harbour  has  been  more  than  the  city  of  St.  John  itself 
can  bear  the  cost  of,  and  the  harbour  will  have  to  be  put  under  a 
government  commission  if  it  is  to  be  developed  as  it  should  be. 
Mr.  Kerry  has  rather  over-estimated  the  extra  cost  to  the 
Canadian  Pacific  Railway  when  he  says  it  would  carry  freight  twice 
across  the  Atlantic.  No  doubt  it  costs  the  Canadian  Pacific  Rail- 
way a  fair  percentage  more  to  carry  freight  to  St.  John  than  it  costs 
the  Grand  Trunk  to  carry  it  to  Portland,  but  not  as  much  as  to 
equal  the  total  of  the  ocean  freight.  Of  course  there  is  one  advan- 
tage to  the  Canadian  Pacific  Railway.  St.  John  is  the  only  winter 
port  that  she  has,  and  it  is  to  her  interest  to  develop  it,  rather  than 
turn  the  freight  to  any  other  railway.  St.  John  has  made  a  good 
beginning,  and  if  she  keeps  on  developing  she  will  hold  the  trade. 
She  has  a  good  many  advantages  in  regard  to  the  shipment  of 
lumber,  and  she  has  a  large  city  from  which  to  draw  labour  and 
other  facilities. 

The  subject  is  one  of  great  interest  to  Canada  and  to  engineers.  Mr  Les 
everyone  has  heard  more  or  less  of  the  advantages  and  disadvan- 
tages of  the  various  national  ports,  but  it  is  the  first  time  that  a 
member  of  the  Society  has  described  any  of  the  developments  of 
such  a  port.  Mr.  Armstrong  has  not  given  any  idea  of  the  costs,  but 
the  treatment  which  the  problem  has  received  was  necessary  on 
account  of  the  number  of  schemes  suggested  and  insufficiency  of 
data.  He  has,  however,  said  enough  to  give  an  idea  of  the  advan- 
tages and  disadvantages  due  to  the  natural  conditions,  extremes  of 
tides,  and  the  narrowness  of  the  harbour  itself.  Many  of  the 
problems  are  very  Interesting  to  engineers.  Whether  they  are 
attractive  to  commercial  people  is  another  matter.  The  Society 
is  greatly  indebted  to  Mr.  Armstrong  for  his  very  valuable  paper. 

Mr.  W.  McLea  Walbank  (M.  Can.  Soc.  C.  B.)— Everyone  knows  Mr.Waibank 
that  Canada  must  have  a  winter  port  in  the  near  future,  and  the 
cheapest  and  freest  that  it  is  possible  to  obtain,  because  the  mer- 
chants want  shipping    facilities,    and    they    will  use  the  cheapest 
whether  via  Canadian  or  United  States  ports. 
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In  the  name  of  the  Chambre  de  Commerce,  I  wish  to  thank  the 
President  and  members  of  the  Canadian  Society  of  Civil  Ehigineers 
for  having  furnished  this  occasion  of  listening  to  such  an  interest- 
ing paper.  The  Chambre  is  interested  in  all  questions  which  tend 
to  the  progress  and  development  of  the  trade  and  commerce,  not 
only  of  Montreal,  but  of  the  Dominion. 


IL 


BUSINESS  MEETING. 

A  business  meeting  of  the  Society  for  the  opening  of  ballots  for 
the  election  of  members  was  held  on  Thursday,  December  12,  Mr. 
McLea  Walbank,  President,  in  the  chair. 

Messrs.  W.  McLea  Walbank,  J.  W.  Heckman,  W.  C.  Thomson, 
R.  M.  Hannaford,  H.  Daw.  Wm.  McNab,  and  J.  V.  Hickey  were 
appointed  Scrutineers  of  the  ballot  for  the  Election  of  Members,  and 
declared  the  following  elected: 


Hutton,  W.  S.  H. 
Kelley,  H.  G. 


Members. 

Merriam,  L.  B. 
Moore,  H.  A. 


Ryerson,  W.  N. 


Alexander,  F.  W. 
Ashworth,  E.  M. 
Barnhill.  B.  E. 
Bates,  C.  L. 
Bourke,  J.  M. 
Cameron,  N.  C. 
Challies,  J.  B. 
Cooper,  F.  W. 
Cowan,  W.  A. 
Dietrich,  W.  N. 


Associate  Membebs. 

Drew,  W.  J.  B. 
Dunlop,  T.  T. 
Falrchild,  C.  DeV. 
Fetherstonhaugh,  W. 
Godwin,  B. 
Grant,  J.  A. 
Hill,  E.  M>  M. 
Hoard,  C. 
Leitch,  J.  S.' 
Lockwood,  J. 
Macdonald,  J. 


Maxwell,  J:  B. 
Ogilvie,  P. 
Stewart,  G.  M. 
S.Taylor,  W. 
Tobey,  W.  H. 
Tredcroft,  A.  F. 
Wallis,  N.  J. 
Weeks,  O. 
Whitney,  A.  W. 
Wilby,  A.  W.  R. 


Transferbed  from  the  Class  of  Associate  Member 
to  that  of  member. 


Hervey,  C.  L. 


Morrison,  W.  P. 


Palmer,  R.  B. 


Transferred  from  the  Class  of  Student  to  that  of 
Associate  Member. 


Archer,  A.  R. 
Bryne,  T.  H. 
Code.  S.  B. 


Dutcher,  H.  K. 
Fyshe,  T.  M. 
Girdwood,  E.  P. 


Maher,  W.  R. 
Shaw,  J.  A. 


i^ 
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Student  Members. 


Allen,  L.  E. 
Anderson,  S.  C. 
Bauset,  M.  E. 
Belanger,  J.  A. 
Blanchard,  A.  D. 
Bousquet,  C.  B. 
Cameron,  J.  R. 
Clark,  C.  R. 
Clougher,  N.  M. 
Collier,  R.  F. 
Cote,  J.  M. 
Cowan,  C.  W. 
Croker,  S.  J. 
DeLancy,  J.  A. 
Everett,  W.  S. 
Ewart,  M. 
Fillan,  C.  T. 
Flanagan,  J.  H.  W. 


Gelinas,  C.  E. 
Giroux,  L.  J.  E. 
Hertzberg,  H.  F. 
Hill.  H.  O. 
Hodge,  C.  A. 
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HIGH  VOLTAGE  INSULATOR  MANUFACTURE. 

By  Walter  T.  Goddard. 

Porcelain  Insulators. 

The  transmission  of  power  by  means  of  electric  currents  of 
greater  or  less  voltage  began  with  the  introduction  of  the  electric 
telegraph,  and  almost  the  first  problem  encountered  was  line  insula- 
tion. It  is  of  interest  in  this  discussion  to  note  that  the  first  insula- 
tors successfully  used  were  of  porcelain.  From  that  time  to  the 
present  the  progress  has  been  rapid,  the  voltage  having  risen  from 
two  or  three  volts  of  the  telegraph,  to  a  present  prospective  line 
voltage  of  150,000,  and  from  the  lowest  to  the  highest  it  has  always 
been  recognized  that  best  construction  involved  the  use  of  porcelain 
insulators. 

Fig.  6  shows  sectional  drawing  of  a  high  tension  insulator 
made  of  several  shells  nested  together  and  arranged  to  be  fastened 
together  by  means  of  thin  joints  of  Portland  cement.  This  is  the 
conventional  design  and  is  used  for  all  voltages,  though  the  size, 
number  of  shells,  and  shape  may  vary  with  the  voltage.  In  general, 
American  high  voltage  insulators  are  now  made  of  several  shells 
nested  together,  while  European  manufacturers  still  persist  in 
turning  complicated  shapes  from  solid  masses  of  dry  clay. 

The  manufacture  of  porcelain  is  one  of  the  oldest  arts,  but  only 
recently  has  it  in  any  sense  been  placed  upon  a  scientific  basis;  in 
fact,  potteries  for  the  production  of  electrical  porcelain  exclusively, 
have  not  been  in  existence  for  more  than  ten  years,  and  during  that 
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time  It  has  been  necessary  to  develop  an  entirely  new  system  of 
handling  pottery  products. 

Porcelain  for  electrical  purposes  is  a  mixture  of  ground  flint  or 
silicon  dioxide  and  feldspar,  or  (K^O  Al^O^SiO^)  potassium  aluminum 
silicate,  raised  to  vitrifying  temperature,  that  is,  to  a  temperature 
sufficiently  high  to  melt  the  feldspar  and  permit  it  to  unite  the 
particles  of  flint  into  a  perfectly  homogeneous  body  of  uniform 
electrical  and  mechanical  strength.  The  production  of  electrical 
porcelain  differs  from  the  ordinary  pottery  product  in  that,  in 
addition  to  presenting  a  symmetrical  and  flawless  exterior,  it  must 
possess  inherent  electrical  and  mechanical  strength. 

Process. 

Flint  and  feldspar  occur  in  nature  as  rock  which  is  reduced  at 
the  mine  by  grinding  to  a  degree  of  flneness  comparable  to  that  of 
flour  and  of  equal  whiteness.  The  modern  electrical  porcelain  potter 
mixes  the  proper  proportions  of  flint  and  feldspar  and  again  grinds 
the  material  in  the  presence  of  water  in  order  to  obtain  intimate 
mixture.  The  mixture,  or  as  it  is  dubbed  in  the  factory,  "clay,"  is 
separated  from  the  excess  water,  immediately  after  leaving  the 
grinding  mills,  by  means  of  fllter  presses  and  afterward  brought  to 
uniform  plasticity  by  niisans  of  kneading  machinery. 

The  first  step  in  the  construction  of  an  insulator  is  to  build  a 
model  16%  larger  than  the  required  insulator,  and  from  this  model 
to  make  moulds  of  Plaster  of  Paris.  Fig.  1  shows  a  plaster  model 
of  a  60,000  volt  insulator  top  from  which  the  mould  in  Fig.  2  was 
taken.  Each  shell  of  a  multipart  insulator  is  treated  in  this  man- 
ner, the  inside  contour  of  the  mould  being  that  of  the  desired  shell. 
Fig.  2  shows  a  conventional  power  driven  potter's  wheel  upon  the 
top  of  which  is  fixed  the  mould  partly  filled  with  clay.  The  whole 
device  is  rotated  rapidly  and  a  forming  tool  whose  profile  is  that 
of  the  inside  shape  of  the  shell  under  consideration,  is  forced  into 
the  mass  of  clay.  A  few  revolutions  usually  accomplish  the  desired 
end  and  the  mould  with  its  wet  and  plastic  clay  is  then  placed  in  a 
hot  room  of  approximately  130°  F.  Within  an  hour  the  warm  air  and 
plaster  mould  have  absorbed  a  large  proportion  of  the  water  in  the 
clay,  and  the  embryo  insulator  may  be  removed  from  its  mould 
and  the  rough  surface,  which  originally  rested  against  the  mould. 
I  scraped  smooth.    The  shell,  as  it  may  now  properly  be  designated, 

is  set  aside  for  a  period  of  ten  days  to  two  weeks  in  order  that  all 
water  held  by  the  clay  be  evaporated.  If  fired  in  this  state  the  shell 
would  come  from  the  kiln  hard,  white  and  quite  rough,  of  good 
dielectric  strength,  but  with  a  surface  which  would  gather  and  hold 
dirt  and  soot  and,  because  of  the  extreme  fineness  of  the  irregulari- 
ties, be  practically  beyond  possibility  of  cleaning.    For  this  reason, 
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and  no  other,  are  the  Insulators  covered  with  a  glassy  coating  of 
extreme  smoothness,  capable  of  being  washed  by  the  gentlest  rains. 
The  glazing  process  is  very  simple.  Immediately  before  being  placed 
In  the  kiln,  the  insulator  shell,  which  in  its  dry  state  is  about  as 
strong  as  blackboard  crayon,  is  dipped  into  a  solution  of  clay  and 
water  and  by  virtue  of  its  dryness  absorbs  a  certain  amount.  On 
being  heated  the  clay  melts  before  the  body  vitrifies  and  so  spreads 
very  evenly  over  the  entire  surface.  The  presence  of  a  small  amount 
of  iron  in  the  clay  is  responsible  for  the  brown  color  so  generally 
used  in  this  country  although  any  color  can  be  obtained  by  the  use 
of  the  proper  materials  in  the  glaze.  The  firing  process  is  entirely 
a  matter  of  temperature  and  Its  complications  are  ail  practical  ones 
due  to  the  large  amount  of  material  burned  at  one  time  and  the 
difficulty  of  obtaining  exact  and  uniform  heat  throughout  the  kiln. 

Mechantcal  and  Electbical  Testing. 

The  mechanical  properties  of  porcelain  are  so  unvarying  that  a 
sample  test  has  always  been  deemed  sufficient.  On  the  contrary  it 
is  considered  unsafe  to  permit  any  porcelain  to  go  into  service  with-* 
out  testing  each  piece  by  means  of  a  high  voltage  transformer.  As 
will  be  explained  later,  the  higher  voltage  insulators  are  made  up 
of  several  shells  each  of  which  is  subject  to  a  high  voltage  test  of 
50,000  to  60,000  volts.    Fig.  3  shows  the  connections  between  the  high 
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Fig.  3. 

voltage  transformer  and  insulator  shells  to  be  tested.  Fig.  4  shows 
this  method  as  practiced.  The  table  is  insulated  from  the  fioor  by 
means  of  porcelain  cones  in  order  that  high  voltage  may  be  applied 
to  the  wire  imbedded  in  the  table  top  and  designed  to  make  con- 
tact with  the  pans  arranged  for  the  reception  of  porcelain  shells. 
The  pans  are  filled  with  water  and  so  form  one  terminal  of  the  high 
voltage.  The  other  terminal  is  formed  by  water  poured  into  the 
shell,  attachment  between  it  and  the  high  voltage  over-head  con- 
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ductor  being  made  by  means  of  small  chains.  By  some  controlling 
device  in  the  low  voltage  side  of  the  transformer,  the  voltage 
applied  to  the  shells  of  porcelain  is  kept  very  near  to  arcing  over. 
In  most  cases  being  about  55,000  volts.  For  ordinary  commercial  test* 
Ing  the  spark  gap  in  air  is  usually  employed  when  it  is  desired  ta 
ascertain  the  applied  voltage.  The  number  of  failures  is  usually  2% 
or  3%  of  the  number  tested.  When  porcelain  fails  electrically  the 
short  powerful  power  arc  through  the  very  small  puncture  hole 
amounts  to  practically  a  short  circuit  upon  the  testing  transformer 
and  the  excessive  heat  liberated  in  the  porcelain  often  boils 
the  water  and  destroys  the  shell.  Once  punctured,  the  porcelain  is 
ruined  and  can  by  no  method  at  present  developed,  be  recovered. 

The  parts  of  multipart  insulators  are  united  by  means  of  pure 
Portland  cement  mixed  with  water  only.  After  the  cement  has 
obtained  initial  set  the  insulators  are  subjected  to  an  assembled 
electrical  test  of  double  line  potential  for  a  period  of  time  sufficient 
to  remove  all  doubt  as  to  the  electrical  strength  of  the  insulators, 
usually  from  three  to  five  minutes.  To  facilitate  cementing  and  test- 
ing, racks,  as  shown  in  Fig.  5,  are  provided  so  that  the  operations 
may  be  performed  with  a  minimum  of  handling.  There  is  one  very 
marked  advantage  in  this  manner  of  applying  the  assembled  test 
voltage,  and  it  is,  that  the  voltage  may  be  put  on  before  the  cement 
is  dry  enough  to  permit  handling  of  insulators  so  in  case  of  failure 
by  puncture  of  any  shell,  it  may  be  separated  from  the  others  with- 
out injury,  a  thing  absolutely  impossible  once  the  cement  becomes 
dry. 

Design  of  High  Voltage  Insulators. 

Insulators  for  the  lower  voltages  call  merely  for  the  introduction 
of  sufficient  good  material,  between  line  and  supporting  structure, 
to  prevent  destructive  leakage.  For  voltages  up  to  20.000,  little  or 
no  difficulty  is  experienced  in  securing  satisfactory  insulation,  but 
above  that  voltage  it  becomes  not  only  necessary  to  have  good 
material  in  plenty,  but  it  must  be  properly  distributed  in  order  that 
the  danger  of  puncture  and  severe  leakage  be  reduced  to  a  minimumt. 
The  manufacture  of  good  porcelain  from  a  mechanical  standpoint 
forbids  that  it  be  made  so  vitreous  as  to  resist  a  puncture  test  of 
65,000  to  70,000  volts  over  i"  or  8"  thickness.  It  is  vain  to  attempt 
to  gain  greater  dielectric  strength  by  increasing  thickness  since 
inherent  cracks  in  thick  pieces  really  reduce  the  effective  electrical 
strength  to  that  of  i"  or  i"  porcelain.  Accordingly,  it  has  come  to 
be  recognized  as  best  practice  to  make  no  attempt  to  manufacture 
the  higher  voltage  insulators  in  a  single  piece,  but  rather  to  secure 
great  electrical  strength  by  multiplicity  of  parts.  Though  entirely 
possible  to  construct  30,000  volt  insulators  of  one  piece  and  still 
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safely  apply  a  double  potential  test,  years  of  experience  have  demon- 
strated that  a  multipart  insulator  is  much  less  liable  to  fail  entirely, 
when  struck  by  stones  or  bullets,  than  are  single  piece  insulators 
and  so  prevents  complete  shut-down  of  the  transmission  line. 
By  far  the  larger  proportion  of  shut-downs  on  the  modem  trans- 
mission line  come  from  mischievously  broken  Insulators.  It  is 
for  this  reason  as  well  as  for  greater  normal  safety  factor  that 
engineers  are  selecting  multipart  insulators  at  higher  cost,  even 
for  the  lower  voltages.  In  general,  two-piece  insulators  are  used  for 
from  10,000  to  30,000  volts,  three  pieces  for  from  30,000  to  50,000  and 
four  pieces  for  the  66,000  and  70,000  volt  lines  now"  in  operation. 
Above  70,000  volts  the  underhung  or  suspended  insulator  works  out 
most  economically  and,  for  entirely  different  reasons,  8  or  10  shells 
of  porcelain  are  introduced. 

Considerations  of  puncture  strength  are  the  first  concern  of  the 
designer.  As  before  noted,  good  electrical  and  mechanical  porce- 
lain should  be  made  of  not  more  than  i"  thickness  with  an  ultimate 
electrical  strength  of  not  more  than  70,000  volts.  To  gain  greater 
electrical  strength  it  is  necessary  to  introduce  other  shells  which 
continue  to  add  a  proportional  dielectric  strength  up  to  about  220,000 
volts,  at  which  point  the  curve  gradually  tends  to  become  flat  and 
becomes  very  nearly  so  at  300,000  volts,  so  that  it  is  apparently 
useless  to  utilize  more  than  5  shells  unless  some  other  condition  is 
introduced.  With  this  to  start  with  it  is  a  very  simple  matter  indeed 
to  provide  economical  insulators  for  any  voltage  up  to  the  point 
where  difliculty  of  manufacture  begins  to  interfere  with  progress. 
The  10,000  and  20,000  volt  insulators  have  little  to  do  with  puncture 
strength  provided,  of  course,  that  the  porcelain  is  of  good  quality, 
and  so  the  question  reduces  to  an  estimate  of  necessary  leakage 
distance  and  carrying  capacity  when  subjected  to  an  artificial  rain 
approximating  the  worst  conditions  to  which  the  insulator  will  be 
subjected.  This  is  not  so  simple  as  appears  on  the  surface,  for 
while  an  insulator  may  behave  admirably  under  a  downpour  of 
unprecedented  intensity,  it  is  vain  to  expect  Nature  to  limit  herself 
to  a  vertical,  or  what  is  technically  known  as  a  45''  rain,  nor  does 
she  stop  after  five,  ten,  or  fifteen  minutes,  but  is  much  more  likely 
to  accompany  the  downpour  with  suflicient  wind  to  blow  the  rain 
very  nearly  horizontal,  and  to  persist  for  any  length  of  time.  Under 
such  conditions  the  insulator  either  meets  its  Waterloo  or  shows 
Its  mettle  in  the  first  fifteen  minutes,  for  at  the  end  of  that  time  all 
portions,  except  possibly  the  inside  of  the  inner:most  shell,  have 
become  thoroughly  wet  and  the  surface  leakage  comes  into  play. 
As  is  well  known,  the  persistence  of  any  arc  of  definite  length  has 
to  do  with  the  voltage  impressed  and  the  current  fiowing,  and  the 
failure  of  an  insulator  is  of  course  amenable  to  the  laws  which 
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govern  arcs.  A  designer  should  assume  that  his  insulator  will 
sometime  become  wet  all  over  and  should  provide  sufficient  leakage 
resistance  to  prevent  any  considerable  amount  of  current  flowing, 
a  small  amount  merely  tending  to  dry  off  the  insulator  whereas  a 
large  amount  would  quite  likely  start  a  disastrous  arc  under  the 
shells  and  completely  destroy  them  by  its  heat  before  extinguishing 
itself.  Such  an  insulator  represents  very  nearly  the  ideal  and  it  is 
regretable  that  so  few  lines  are  equipped  with  insulators  of  so  great 
a  margin  of  safety.  It  must  not  be  forgotten  that  only  once  or 
twice  a  year  are  insulators  called  upon  to  perform  extreme  duty, 
in  fact,  the  insulators  of  most  lines  are  for  the  greater  part  of  the 
time  working  very  inefficiently,  probably  at  not  over  209i  of  their 
rated  capacity. 

The  next  best  thing  is  to  provide  as  much  dry  surface  as  possible 
under  average  storm  conditions  and,  to  this  end,  it  is  of  value  to 
note  the  progressive  wetting  of  an  Insulator  under  rain.  It  is 
customary  to  mount  the  insulator  well  above  the  cross-armi  so  that 
all  its  shells  are  far  removed  from  water  spattering  up  from  the 
arm.  Assume  an  insulator  of  conventional  design  of  three  or  four 
shells.  The  top  becomes  dripping  wet  at  once  and  the  film  of  water 
held  on  the  surface  carries  line  potential  to  the  outmost  diameter. 
A  certain  amount  of  rain  gets  by  the  top  and  strikes  upon  the 
lower  shells,  part  spattering  upward  and  part  downward,  depending 
upon  the  angularity  of  precipitation.  That  portion  which  spatters 
upward  soon  wets  the  entire  under  surface  of  the  shells  above  and 
in  this  manner  the  potential  is  carried  down  to  the  lowest  project- 
ing shell.  At  this  point  the  leakage  path  is  broken,  due  to  the  fact 
that  beneath  the  lowest  shell  there  is  no  surface  from  which  spat- 
tering may  occur  and  consequently  it  remains  dry,  but  under  this 
condition  the  central  shell  of  the  insulator  is  carrying  the  total 
strain  both  as  to  puncture  strain  and  against  flash  over.  Fig.  6 
shows  clearly  the  effect  of  spattering,  the  double  line  indicating  the 
surfaces  covered  by  a  film  of  water  and  thus  carrying  line  potential 
down  to  the  bottom  of  the  lowest  projecting  shell.  It  may  be 
further  noted  that  between  this  double  line,  or  line  potential,  and 
the  pin,  there  is  but  one  effective  shell  which  has  been  subjected 
to  but  60,000  volt  test,  and  lines  of  very  moderate  potentials  have 
strains  of  this  magnitude  between  line  and  earth.  The  shells  must, 
of  course,  remain  wet  till  the  storm  is  over  or  some  drying-action  is 
introduced.  If  the  gap  between  the  edge  of  the  lowest  shell  and  the 
pin  is  small  enough  a  small  arc  will  be  established,  thus  completing 
the  circuit  and  permitting  a  leakage  current,  formerly  held  in  check 
by  the  dry  inner  surface  of  the  shell,  to  flow,  though  limited  in 
volume  by  the  relatively  high  resistance  of  the  pure  water  film 
covering  the  insulator.     This  leakage  current  heats  and  vaporizes 
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the  water  film,  its  first  action  naturally  being  where  the  current 
density  is  greatest  at  the  neck  of  each  shell,  where,  fortunately,  the 
surface  is  not  subject  to  the  direct  force  of  the  rain.  Since  potential 
is  in  no  way  concerned  with  resistance,  the  tbinnest  and  conse- 
quently highest  resistance  film  of  water  is  sufficient  to  inaugurate 
the  drying  process,  so  that  an  insulator  in  service  cannot  be  caught 
unawares  and,  if  properly  shaped,  can  care  for  itself. 

From  the  foregoing  it  will  be  seen  that  the  dielectric  strength  of 
the  inner  shell  of  any  multipart  insulator  and  the  distance  between 
Its  lowest  edge  and  the  supporting  pin,  are  of  utmost  importance,  the 
remainder  of  the  insulator  serying  as  little  more  than  a  resistance  in 
series  or  leakage  distance  to  limit  the  amount  of  current  which  may 
flow  when  arcing  takes  place.  To  provide  against  the  first  requisite 
it  is  merely  necessary  to  introduce  a  protected  shell  which  cannot 
easily  become  wet.  This  is  shown  in  Fig.  7,  as  is  also  the  great 
distance  between  pin  and  edge  of  lowest  shell.  What  has  been  said 
applies  to  insulators  as  it  is  necessary  to  build  them  to  meet 
mechanical  conditions  imposed,  and  it  is  the  mechanical  character- 
istics, not  the  electrical,  which  influence  their  cost.  Were  it 
possible  to  make  porcelain  wire  of  great  strength,  an  insulator  of 
perfect  certainty  of  action  could  be  produced  at  minimum  cost.  An 
insulator  should  not  be  regarded  as  a  barrier  to  current,  but  rather 
as  a  high  resistance  path  between  line  and  earth,  and  its  design 
should  aim  to  serve  this  purpose.  Referring  again  to  Figs.  6  and  7 
it  will  be  seen  that  as  far  as  the  ultimate  strength  of  the  insulator 
Is  concerned,  the  shape  of  the  upper  shells  is  of  no  moment,  since 
they  serve  as  series  resistance  only.  There  are  reasons  however 
why  straight  shells  should  be  used  and  others  equally  good  why 
curved  shells  should  be  introduced,  but  the  adjustment  between  the 
desirable  points  of  one  and  the  desirable  points  of  the  other  call 
for  fine  discrimination.  Figs.  C  and  8  show  straight  and  curved 
shell  insulators  subjected  to  a  45°  storm  which  spatters  most  vigor- 
ously in  the  direction  shown  by  the  arrows.  Of  these  two  insulators 
the  straight  shell  would  probably  keep  dry  the  longest  since  a  large 
portion  of  the  falling  water  is  deflected  away.  On  the  other  hand, 
the  distances  A-B,  C-D,  and  E-F  are  much  greater  on  the  curved 
shell  type  permitting  it  to  carry  much  greater  potential  previous  to  its 
becoming  wet  all  over  than  could  the  insulator  of  the  straight  shells. 
The  curved  shells  will  thus  be  better  able  to  take  care  of  sudden 
potential  rises  when  partly  wet  than  will  those  of  the  straight  shell 
form.  However,  this  partly  wet  condition  does  not  last  long,  as 
there  is  often  enough  precipitation  to  entirely  wet  the  shells,  and 
it  is  only  then  that  the  insulator  can  be  assumed  to  be  operating 
under  full  load,  a  condition  for  which  it  should  be  designed. 
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The  foregoing  applies  equally  well  to  low  voltage  insulators, 
though  up  to  40,000  volts  it  is  hardly  necessary  to  provide  protection 
for  the  innermost  exposed  shell,  since  its  own  strength  is  entirely 
ample. 

So  much  space  has  been  given  to  discussing  the  value  of  the  insula- 
tor when  under  rain  that  its  pleasant  weather  qualities  may  seem  to 
have  been  overlooked,  but  there  are  sudden  and  severe  demands 
upon  the  insulator  in  the  pleasantest  weather,  mainly  from  lightning 
and  switching.  When  a  rise  of  potential  far  above  normal  working 
voltage  comes  upon  a  perfectly  dry  insulator,  the  stress  between 


Fig.  8. 

line  wire  and  pin  is  very  sensibly  increased  and  that  this  stress 
shall  not  be  too  severe,  the  distance  between  line  wire  and  pin 
should  be  made  ample  by  the  introduction  of  several  shells  of  porce- 
lain. The  specific  inductive  capacity  of  porcelain  or  its  flux  carrying 
capacity,  is  a  perfectly  definite  thing,  compared  to  air  about  4.4,  so 
that  for  any  given  potential,  area  of  contact,  and  thickness  of  shell, 
the  density  is  determined. 

Porcelain,  however,  unlike  some  dielectrics,  gives  due  notice 
when  overburdened,  by  a  pale  violet  light  over  its  entire  surface. 
Fig.  9  shows  two  porcelain  shells  subjected  to  100,000  volts,  their 
very  evident  distress  being  photographed  by  their  own  light.    Fig. 
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10  shows  better  than  can  words,  how  it  is  that  so  many  lines  have 
trouble  with  central  shells  breaking  down.  The  designers  In  this 
case  had  failed  to  provide  against  the  great  concentration  which  will 
in  time  disrupt  the  finest  porcelain.  Fig.  11  shows  one  of  the  largest 
insulators  ever  built,  being  tested  at  175,000  volts,  its  distress  being 
very  evident  and  presaging  early  break-down.  How  very  little  it  takes 
to  correct  this  fault  is  easily  seen  by  a  moment's  contemplation  of 
the  fact  that  the  stress  within  the  porcelain  will  vary  inversely  as 
the  square  of  the  distance  between  terminals,  and  a  glance  at  Fig. 

12  which  shows  comparative  tests  of  a  two  and  a  three-piece  insula- 
tor simultaneously.  From  these  experiments  it  appears  that  to 
avoid  getting  into  serious  trouble  when  potentials  somewhere  near 
the  arcing  over  capacity  of  the  insulators  are  applied,  it  is  neces- 
sary to  provide  considerable  body  of  insulating  material  between 
line  and  pin. 

Mechanically,  insulators  can  be  designed  for  any  load  by  the 
proper  disposition  of  material.  Grood  electrical  porcelain  has  a 
crushing  strength  in  excess  of  15,000  lbs.,  and  tensile  strength 
ranging  between  1,500  and  2,000  lbs.  per  square  inch. 

The  latest  development  in  excessively  high  voltage  insulators  is 
but  a  reversion  to  a  type  long  since  discarded  by  lower  voltage 
engineers,  i.e.,  the  underhung  or  suspended  type  of  insulator. 
Reference  to  old  telegraph  manuals  shows  that  the  first  English 
telegraph  systems  were  insulated  by  underhung  Insulators  of  bowl- 
shaped  porcelain.  To  come  down  to  the  present,  all  our  trolley 
wires  are  suspended  below  the  supporting  device.  For  years,  wire- 
less telegraph  companies  have  been  using  strain  insulators  in  series, 
so  tne  newest  high  voltage  insulator  is,  in  reality,  the  oldest.    Fig. 

13  shows  a  modern  development  of  the  underhung  insulator  of  5 
units  defilgned  to  operate  at  100,000  volts,  grounded  neutral,  with  a 
factor  of  safety  of  4.  It  is  intended  to  allow  the  conductor  to  swing 
freely  in  any  direction.  Figs.  14  and  15  show  towers  for  a  100,000 
volt  line  using  suspended  insulators. 

The  reason  for  using  suspended  insulators  is  largely  a  matter  of 
cost  since  it  is  entirely  possible  to  build  porcelain  insulators  of  the 
conventional  type  of  sufficient  size  to  successfully  operate  at  any 
voltage,  but  the  extreme  height  and  diameter  of  a  pin  type  insulator 
for  100,000  or  150,000  volts,  makes  the  cost  prohibitive.  A  suspended 
type  of  insulator  has  several  advantages  which  it  is  well  to  under- 
stand before  going  into  details  of  design.  Of  paramount  importance 
is  the  unit  formation  making  it  possible  to  increase  the  effective 
insulation  whenever  it  is  desired  to  raise  the  line  voltage  or 
wherever  it  seems  desirable  to  present  extra  leakage  surface  because 
of  salt  fogs  or  smoke  from  railways  and  factories.  Many  lines  start 
operation  at  much  lower  potential  than  designed  for,  because  the 
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Initial  load  Is  light  and  the  potential  need  be  Increased  only  when 
regulation  demands  it.  With  the  pin  type  of  insulator  there  is  no 
alternative  but  to  invest  at  the  start  In  the  largest  Insulators  which 
the  line  will  ever  need,  whereas  in  the  suspended  form,  additional 
units  may  be  introduced  whenever  the  growth  of  power  business 
warrants  an  increase  in  potential.  In  the  pin  type  of  insulator  the 
nearness  of  line  wire  and  pin  must  always  prove  a  weak  point  for 
lightning  assault  as  well  as  an  aggravator  of  line-charging  current 
difficulties.  The  suspended  type  gets  away  from  both  difficulties  by 
a  wide  separation  of  line  conductor  and  supporting  structure.  Inci- 
dentally the  position  of  the  conductor  below  the  cross-arm  permits 
the  supporting  structure  to  act  as  a  lightning  rod,  and  so  to  relieve 
the  line  of  much  lightning  stress. 

Mechanically,  provision  must  be  made  to  prevent  the  swinging 
conductor  from  coming  too  near  the  tower  structure,  but  the  extra 
length  of  cross-arm  necessitated  by  this  feature  is  more  than  com- 
pensated for  In  cost  by  the  fact  that  there  are  no  twisting  strains 
upon  the  arm. 

Insulator  unit  formation  presents  another  very  positive  advan- 
tage in  the  matter  of  breakage.  When  a  shell  of  a  pin  type  Insulator 
becomes  cracked  or  broken,  the  whole  device  is  rendered  worthless, 
as  it  is  utterly  impossible  to  break  the  cement  joint  forming  the 
bond  between  shells.  Further,  the  cracking  of  a  shell,  especially  an 
Inner  shell,  may  cause  immediate  shut-down  or  at  least  shut-down 
during  the  first  severe  rain  storm.  On  the  contrary,  the  breaking 
or  cracking  of  one  of  the  shells  of  a  suspended  unit  type  insulator 
takes  away  but  that  one  unit  from  the  series;  thus,  in  the  case 
of  a  5  unit  100,000  volt  insulator,  a  broken  unit  reduces  the  total 
strength  but  20%. 

With  these  very  evident  advantages  It  is  small  wonder  that  with 
voltages  reaching  toward  109,000,  the  underhung  insulator  should 
be  adopted.  The  first  question,  that  of  mechanical  strength,  was 
promptly  disposed  of  by  so  designing  porcelain  parts  that  strains 
were  all  compression.  The  next  question,  that  of  electrical  strength 
under  normal  operating  conditions,  was  not  so  easily  solved.  In 
the  first  designs,  single  shells  of  porcelain  of  g"  thickness  were 
used,  but  when  a  series  of  5  such  shells  was  subjected  to  a  300,000 
volt  test,  a  new  condition  was  found  to  have  been  introduced  in  the 
way  of  a  potential  rise  around  the  first  units,  and  it  was  found  by 
repeated  test  that  any  sudden  application  of  potential,  or  even 
change  in  potential  already  applied,  would  puncture  the  end  shells, 
which  if  made  of  economical  pottery  size,  i*.e,  14"  diameter,  would 
have  a  flash-over  potential  of  approximately  the  ultimate  puncture 
strength.  I'his  condition  analyses  somewhat  as  follows:  The  shells 
and  metallic  connecting  links  form  a  condenser  of  certain  definite 
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capacity,  which  for  the  sake  of  analogy  may  be  likened  to  a  mass 
of  rubber  or  other  elastic  material.    Carrying  out  the  analogy,  the 
rubber  is  struck  a  smart  blow  with  a  hammer.    The  surface  struck, 
and  layers  of  material  immediately  adjacent  to  It,  feel  the  force  of 
the  blow  most   severely,  and   if   the   mass   be   thick  and  of  great 
inertia,  the  force  of  the  blow  is  barely  perceptible  on  the  surface 
opposite  to  that  where  the  blow  was  struck.    Moreover,  the  elastic 
material  is  no  sooner  struck  and  compressed  than  it  attempts  to 
return  to  its  normal  shape.    This  property  of  inertia  is  duplicated 
in  the  action  of  condensers  in  series,  call  it  what  you  wish,  dielec- 
tric hysteresis  or  anything  else,  the  effect  is  there,  and  If  proper 
precautions  are  not  taken,  the  outer  layer  of  resisting  medium,  in 
this  case  a  porcelain  shell,  will  be  disrupted.    Unquestionably  the 
dielectric  strength  of  the  unit  must  be  increased,  and  the  proper 
method   is   by   supplying  an    inner   protecting   shell   so   that   the 
puncture  strength  of  the  built  up  unit  shall  be  far  in  excess  of  its 
flash-over  potential.    A  unit  so  constructed  is  practically  indestructi- 
ble,  and   will  carry  continuously  its  flash-over  potential  without 
heating  or  its  surface  being  covered  with  static,  which  impairs  the 
efficiency  by  shortening  the  leakage  path.    Under  normal  operating 
conditions  the  end  unit  is  the  only  one  which  is  subject  to  unusual 
strains,  but  the  failure  either  by  nuechanical  breakage  or  arcing 
over,  may  at  any  time  put  similar  strain  upon  other  units,  so  it  is 
a  wise  provision    to    guard    all    shells    against    possible  puncture. 
Having  made  the  unit  secure  against  puncture,  the  next  concern  is 
with  leakage  distance,  which  must  be  made  of  sufficient  length  to 
prevent  any  considerable  current  flow  when  the  entire  surface  is 
covered  with  a  thin  film  of  water.    Here  again,  cost  governs,  since 
the  unit  construction  permits  the  use  of  a  few  large  or  several  small 
parts.    As  noted  before,  14"  is  an  economical  size  for  the  potter  to 
produce,  and  as  the  metal  parts  are  the  same  for  any  diameter  of 
shell,  it  is  this  size  which  returns  most  in  insulation  for  each  dollar 
Invested.    Fig.  IC  shows    the   construction   of   a   unit  of  a  modern 
100,000  volt  insulator.    The  shape  of  the  shells  is  not  of  importance 
since  in  testing  to  flash-over  under  working  conditions,  pains  were 
taken  to  wet  all  surfaces  thoroughly  and  so  produce  artificially  the 
worst  possible  conditions;  but  it  must  not  be  taken  for  granted  that 
leakage  over  an  Insulator  is  a  desirable  thing,  in  fact,  the  time  when 
an  insulator  will  leak  sufficiently  to  dry  itself  should  be  postponed 
as  long  as  possible  by  logical  designing.    To  accomplish  this  it  is 
of  course  necessary  to  permit  as  little  water  as  possible  to  spatter 
on  the  under  side  of  the  shells,  and  this  Is  best  effected  by  deflecting 
the  water  away  rather  than  toward  the  insulator.    If  this  were  the 
only  thing  to  consider,  the  best  shape  of  shell  would  still  be  in 
question.     There   are,   however,   other   conditions.     When,   in   the 
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and  it  is  quite  In  point  to  add  here  that  every  case  is  special.  Insula- 
tors well  suited  to  one  locality  are  out  of  reason,  in  safety  factor 
provided,  for  use  elsewhere.  A  single  transmission  line  of  less  than 
100  miles  in  length  may  easily  pass  from  high,  clear  mountain  air 


Fig.  18. 

to  foggy,  smoky,  surroundings  which  are  a  constant  menace  to  con- 
tinuity of  service.  Again  the  cost  of  complete  immunity  may  well 
be  balanced  against  cost  of  possible  shut-downs — ^a  point  well  illus- 
trated in  the  line  operating  between  Niagara  Falls  and  Sjrracuse, 
all  branch  lines  of  which  are  equipped  with  much  smaller  and 
consequently  cheaper  insulators  than  those  upon  main  lines. 
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It  Is  not  Intended  to  convey  the  idea  that  every  line  should  have 
a  special  insulator,  but  that  the  characteristics  of  the  proposed  line 
should  he  made  known  to  the  designer  in  order  that  all  points  may 
be  well  guarded  against.  It  is  quite  likely  the  resulting  recommenda- 
tion will  be  upon  an  old  established  type  of  which  all  character- 


Fig.  19. 

istics  are  known,  and  though  its  use  for  any  specific  case  may  not 
call  into  use  all  it  is  capable  of,  it  will  quite  likely  prove  cheaper 
to  produce  a  standard  article  of  larger  size  than  to  make  a  special 
design  of  just  sufficient  capacity. 

A  forecast  of  the  future  of  any  business,  though  never  safe,  la 
always  interesting. 

9 
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Concerning  the  highest  practicable  voltage,  without  reference  to 
anything  hut  insulators,  it  is  safe  to  say  that  insulators  for  the 
heaviest  mechanical  strains  and  for  the  highest  electrical  stresses 
can  be  manufactured  at  moderate  cost,  so  that  limitations  of  trans- 
mitting voltages  niust  at  the  present  time  be  looked  for  in  other 
directions  than  in  insulator  design,  porcelain  insulator  design  in 
particular. 

Wherever  the  word  insulator  has  been  used,  porcelain  insulator 
is  implied,  for  no  other  material  has  been  so  universally  used  in 
the  past,  and  none  gives  such  promise  for  the  future.  Its  one  bad 
characteristic,  that  of  brlttleness,  is  overcome  by  good  designing; 
otherwise,  the  material  is  very  nearly  ideal  for  it  is  cheap  and  com- 
paratively easy  to  manufacture.  Of  primfi  importance  is  its 
permanency,  and  of  no  other  manuflactured  dielectric  can  as  much 
be  said.  Porcelain  is  made  under  extreme  conditions  of  heat  which 
effects  the  cementing  together  of  stable  elements  which  have  been 
in  their  present  form  for  thousands  of  years,  and  under  the  condi- 
tions at  present  obtaining  on  the  surface  of  this  planet,  will  remain 
unchanged.  Moreover,  the  porcelain  is  homogeneous  and  of  a 
uniform  texture  throughout  and  consequently  of  uniform  specific 
Inductive  capacity  throughout,  so  that  electrical  strains  are  evenly 
distributed.  On  the  other  hand,  organic  materials  are  subject  to 
very  rapid  deterioration;  many  unite  with  oxygen  at  ordinary  tem- 
peratures or  are  attacked  by  rain  water  in  a  very  short  time. 
Heating  by  condenser  action  also  aids  in  oxidation  processes  and 
hastens  the  end.  A  favorite  method  of  insulating  against  low  volt- 
age is  by  means  of  compositions  of  rubber,  gutta-percha,  pitch, 
asbestos,  ground  mica,  shellac,  and  the  like,  but  the  result  is  always 
the  same,  and  a  moment's  contemplation  of  the  reasons  of  failure 
would  seem  to  argue  against  their  use  for  permanent  exposed 
insulation. 

The  past  Is  full  of  unhappy  experiences  In  the  attempt  to  insu- 
late high  voltage  lines  with  glass,  rubber,  mica,  et  cetera,  and 
occasionally  an  engineer  is  found  who  is  willing  to  erect  lines  of 
high  pressure  on  insulators  of  material  other  than  porcelain,  but 
such  engineers  are  so  rare  as  to  make  it  safe  to  say  that,  as  a 
permanent  dielectric,  porcelain,  to-day,  stands  alone. 
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Mr.    J.    C.    Smith     (A.  M.  Can.  Soc.  C.  E.)— Further    Information  Mr. smith 
regarding  the  design  of  these  disc  insulators  and  the  new  type  of 
suspension,  would  be  welcome.    How  are  the  steel  hooks,  holding 
the  insulators,  separated  from  one  another? 

Mr.  W.  T.  Goddard — The  disc  insulator  is  essentially  a  ball  Mr.coddard 
of  porcelain  with  a  flange  on  it.  The  holes  are  actually  drilled 
through  the  porcelain,  interlinking  but  not  connecting,  and  are 
spaced  at  90  degrees,  leaving  room  inside  for  a  piece  of  y  rope. 
Between  these  two,  there  is  usually  about  3"  or  1"  of  porcelain. 
It  is  almost  always  a  necessity  that  the  porcelain  should  be  of 
uniform  thickness  to  prevent  cracking.  In  these  insulators  the 
porcelain  varies  from  3"  in  the  centre  to  J"  or  i"  at  the  flange,  and 
they  all  show  the  same  defect  on  being  tested.  The  Locke 
Insulator  Company  tested  20  of  them,  and  built  some  others,  but  it 
was  found  that  they  all  punctured  in  the  same  place,  viz.,  where 
the  porcelain  changes  its  cross  section.  The  clay  is  very  thick  at 
that  point,  and  cracking  is  unavoidable. 

Mr.  R.  a.  Ross  (M.  Can.  Soc.  C.  E.)— Have  any  contracts  actually  Mr.  Ross 
been  let  for  100,000  volt  lines?  The  speaker  is  very  much  interested 
in  knowing  whether  a  100,000  volt  line  is  commercially  practicable 
at  the  present  time.  It  seems  that  the  present  position  of  the 
100,000  volt  line  is  similar  to  that  of  the  60,000  volt  line  three  or 
four  years  ago.  The  latter  is  now  a  fact,  and  it  does  not  present 
many  more  difficulties  than  the  30,000  volt  transmission  did  several 
years  ago;  so  that,  with  these  underhung  insulators,  lines  seem 
capable  of  extension  to  meet  any  voltage  which  may  be  predicted. 

Construction  has  been  started  and  the  towers  are  erected  on  the  Mr.  ooddard 
lines  in  San  Francisco,  where  they  propose  operating  104,000  volts. 
The  Great  Western  Power  Co.  have  already  signed  contracts  for 
insulators.  Their  line  will  take  30,000  H.  P.  from  the  north  of 
California  to  San  Francisco.  The  Grand  Rapids  Co.  is  at  the 
present  time  endeavoring  to  operate  a  100,000  volt  line.  The  towers 
have  all  been  erected  and  the  insulators  are  in  place,  but  it  is 
stated  on  good  authority  that  the  line  is  not  yet  In  use  commercially. 

There  are  one  or  two  features  to  be  noted  in  connection  with  Mr.  Rob* 
the  underhung  insulators.     It  would  be  easier  to  string  the  wires 
rapidly  and  sling  the  insulator  with  clips,  leaving  the  clamping  as 
it  is.    This  would  have  the  further  efCect,  as  shown  on  page  18  of 
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Mr.  Rom 


Mr.  OoddMTd 


Mr.  Rott 


Mr.  Ooddard 


Mr.  Ooddard's  paper,  of  causing  the  insulator,  which  would  then 
be  above  the  wire,  to  act  as  a  lightning  protector.  Certain  engineers 
have  gone  to  considerable  trouble  in  putting  up  lightning  rods  on 
top  of  poles,  and  have  also  put  in  ground  wires.  They  all  seem  to 
the  speaker  to  be  a  menace  to  construction.  It  would  appear  that 
the  iron  towers  now  used  should  be  sufficient  protection  against 
lightning,  and  they  certainly  reduce  the  strain  on  the  cross  arms 
due  to  the  contortion  caused  by  slinging.  This  leaves  the  line  more 
flexible,  and  allows  it  to  take  up  its  own  strain,  much  more  readily 
than  was  possible  with  the  old  type. 

Will  the  series  of  insulators  installed  take  indefinite  voltage  or 
would  the  concentration  and  the  static  stresses,  on  some  of  the 
insulators,  nearer  the  wire,  successively  break  down  the  whole  of 
the  insulators?    Will  there  be  a  progressive  breakdown? 

That  is  rather  difficult  to  answer.  The  speaker  thinks,  perliaps, 
that  the  best  answer  to  that  question  is  given  by  the  experience  of 
the  National  Electric  Co.  with  their  transatlantic  towers.  Some  two 
years  ago  they  came  to  us  with  a  proposition  to  insulate  these 
towers  for  150,000  volts.  The  towers  were  36"  x  400*  feet  high,  made 
out  of  I"  steel  plate,  and  weighing  about  90  tons,  guyed  at  three 
places  with  the  usual  guy  ropes  of  steel  under  9  ton  stress. 
To  meet  this  difficulty  our  company  designed  a  ring  of 
porcelain,  which  was  nothing  but  a  short  length  of  tube  with 
a  few  corrugations.  Mechanical  requirements  drove  us  into 
that  9  ton  stress,  and  we  found  it  almost  impossible  to  meet  the 
conditions  with  any  other  type.  In  the  ring  was  a  steel  pin  3"  in 
diameter,  packed  around  with  sulphur.  Under  strain  it  was  found 
that  if  a  cable  were  wrapped  around  it  the  ring  would  split.  Steel 
rings  were  then  made  and  a  steel  plate  was  put  around  them,  which 
was  filled  In  with  sulphur  so  that  it  formed  a  solid  matrix. 
These  plates  weighed  34  lbs.,  and  cost  $3.50.  We  obtained  tests  as 
high  as  54,000  lbs.  The  only  explanation  there  is  to  offer  is  that  the 
elasticity  required  a  certain  amount  of  lee-way.  Six  of  these  plates 
were  put  at  the  bottom  of  each  tower  guy  and  at  intervals  of  If^ 
feet  between  top  and  bottom.  While  the  line  was  operating  the 
speaker  stood  at  the  base  and  handled  the  anchor. 

Have  you  noticed  any  difference  in  the  effect  on  insulators  due  to 
different  frequency? 

None  so  far  as  has  been  detected.  Tests  have  been  made  run- 
ning 18  months  with  a  50  cycle  machine,  and  running  another  18 
months  with  a  25  cycle  one,  and  taking  into  account  the  fact  that 
some  things  will  vary,  no  difference  could  be  distinguished  in  the 
test.  The  tests  ranged  from  2  to  4  per  cent.,  so  that  one  is  at  a 
loss  to  know  whether  the  insulators  were  affected  at  all  or  not. 
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What  would  the  effect  of  direct  current  system  be  on  Insulators,  Mr.  Rou 
or  do  you  know  anything  about  the  experience  in  Europe  of  insula- 
tors used  on  direct  current  lines? 

The  only  thing  that  the  speaker  has  heard  is  that  it  takes  much  Mr.  GoddArd 
smaller  insulators  to  stand  the  same  voltage. 

Ordinary  60,000  volt  insulators,  such  as  used  throughout  this 
country,  can  be  purchased  for  |1.70.  If  the  quantity  is  large  enough 
that  price  can  be  lowered  a  little.  14"  is  about  the  limit  for  com- 
mercial use.  Our  company  made  some  18"  in  diameter,  15"  high,  in 
4  pieces,  which  cost  very  much  more.  One  of  the  principal  reasons 
why  the  cost  was  so  high  was  that  the  cup  in  which  the  firing  was 
done  was  made  out  of  fire  clay,  and  cost  |1.00.  It  could  only  be 
used  once.  The  underhung  type  would  cost  $2.00  a  unit,  or  perhaps 
^1.60  if  enough  of  them  were  made,  and  five  units  would  cost  about 
^8.00. 
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